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MNPEANUCJIOBHUE

JlanHoe y4yeOHOe mocoOue SIBIISETCS MEePBOM YacThl0 KOMILIEKTa Y4eOHBIX
nocoOuit 1O AUCHUIUIMHE «AdDpOHABHUralus», HAMUCAHHOTO MPodheccopcKo-
MPEnoIaBaTeNIbCKUM COCTaBOM Kadeapsl aspoHasuranuu Cankt-IletepOyprckoro
rOCyJapCTBEHHOTO YHUBEPCHUTETA TPAXKIAHCKOM aBUALUM. OJTOT KOMIUIEKT B
LEJIOM TI0 CBOEMY COJIEPKAHUIO COOTBETCTBYET I[Iporpamme TEOpETUUECKOTO
oOydeHus: TUIOTOB KOMMEpPUYECKON aBHWAalMM, yTBepkAeHHOU denepanbHbIM
areHTCTBOM BO3JIYIIIHOI'O TPAHCIIOPTA, & TAKKE MOJHOCTHIO OXBAThIBAET MaTepUal
Kypca noaroroBku mmiotoB kommepueckoi aBuarmun CPL (Commercial Pilot
Licence) B cooTBeTcTBHH C TpeOOBaHUSAMU MeEXKIyHAPOJHONH OpraHU3aIHU
rpaxaaHckod aBuanuu. Bmecte ¢ TeM, TrimyOMHa W JeTanu3alus H3JI0KCHUS
MHOTHX BOIPOCOB TpeBocxoauT TpeboBanust CPL 1 cooTBeTcTBYeT TpeOOBaHUIM
Kypca nmoarorosku auHeiHbix muiaotoB ATPL (Airline Transport Pilot Licence).

YyebHoe mocobue mpencTaBigeT co0oil oOHMil Kypc a’pOHaBHUTrallud, HE
OpUEHTHUPOBAHHBIM Ha Kakoi-I1n00 KOHKpeTHBIM Tun BC mmm onpeneneHHbn BU
HaBUTALIMOHHOTO  000PYAOBaHUS. [Ipy ero  HamucaHWM  ABTOPBI
pyKoBoACTBOBaNIMCH n3peueHueM K. I'enbBenyst: «3HaHUE HEKOTOPBIX NPHUHIIMIIOB
JIETKO BO3MEIIAET HE3HAHUE HEKOTOPBIX (hakToBy». [loHnMManue yqamummucs o0mux
IIPUHIMIIOB HABUTAIMU U €€ TEOPETUUYECKUX OCHOB II03BOJIIET UM JIETKO OCBOUTH
J1000€ KOHKPETHOE HaBHralMoHHOe oOopynoBanue. [IpuBogumblie B y4eOHOM
NOCOOMU ONMHUCAaHUS U XapaKTEPUCTUKU OTAEIbHBIX HABUTAI[MOHHBIX MPUOOPOB
UMEIOT LEIbI0 NPOMJUIIOCTPUPOBATh MPUMEHEHUE TEOPETUYECKUX MPHUHIIMIIOB Ha
IIPaKTHUKE.

Jlnst obecrniedeHnsl CBSI3HOCTH U JIOTUMHOCTH M3JI0KE€HUS B Y4€OHOM MOCOOUn
NPUBOMASTCS MHUHMMAJIbHbIE HEOOXOJIMMBIE CBEACHHS U U3 CMEXKHBIX C
a’pOHABUTAIIMEH JUCIMIUIMH - TEOMH(POPMAIMOHHBIX OCHOB HaBUTAIUH,
aBUAIMOHHOM METEOpOJIOTHH, AaBHALMOHHBIX MPUOOPOB, PaTUOTEXHUUYECKUX
cpenctB. Pazymeercs, 3TO HE CHUMaeT HEOOXOIUMOCTH UX OTAEIBHOTO U3YUYCHHUS
CTYJEHTaMH.

JInsi OCHOBHBIX HABUTAlIMOHHBIX TEPMUHOB MNPHUBOAMUTCS HMX MEPEBOJ Ha
AHTJIMACKAM SI3BIK — SI3BIK MEXKAYHAPOJIHON adPOHABUTALIMH.

I'maBe1 7 u 8 nHanmcanbl noueHtamu U.M.AnemkoeiM u FO.H.Capatickum
COBMECTHO, ocTtanmbHble TiaBbl — HO.H.Capalickum. ABTOpBI  BBIpAXKAIOT
0JIarolapHOCTh  MPOQPECCOPCKO-MIPENOIABATEIbCKOMY  COCTaBy  Kadeapbl
a’poHaBUTalMU Y HUBEpcUTETa ['A 1 pelieH3eHTaM 3a IIEHHbIC 3aMEYaHUs, & TAKKE
npu3HatebHOCTh O.E.ApXUIoBOii 32 MOATOTOBKY WJUIKOCTPATUBHOTO MaTepHUaa.

Bo BTOpOM H31aHMM HCTIPABIIEHBI 3aMEUEHHBIE OMEYATKU.
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1. ASDPOHABUT'AIIUA N EE CTAHOBJIEHUE

1. 1. AspoHaBuranmsi Kak npoiuecc, Hayka, ydyeoHasi JHCUHMILIHHA

Ajdponasuzayua Kaxk npouecc ynpaeienus. TepMUH «a’pOHABUTAIUSY
NPOM30IIENI OT JIATHHCKOTO «Navigatioy, 4To JOCIOBHO H37aBHA  O3HAYAIO
«MOpeIUIaBaHue», MpUYeM B CaMOM IIMPOKOM  3HA4YeHHH HToro cijosa. Ho
JIOBOJILHO CKOpO OHO TpHoOpeno W 0oyiee Y3KHA CMBICK: NESITEIBHOCTH (H,
KOHEYHO, M3y4Yarolllas ATy AEATEIbHOCTh HayKa) MO BBINOJHEHHUIO TOYHOTO U
Oe3omacHOro miaBanus cynoB. Onpezenenrne MEeCTOMONIOKEHUS, Kypca U CKOPOCTH
CyJHa, MpEJOTBpalllEeHUuE MOMaJaHus Ha Melb WU pU(bI, BHIOOP HAUITYYIIETO
OyTH — 3TH U JPYTue 3aJadydl MOPCKOM HaBHTali, KOTOPYIO ceiluac daire
HA3bIBAIOT CY0080#COeHUEM, TIOHATHBI Ja)Ke HECTICITUAIUCTaM.

[Io mepe Toro, Kak JIOJU CTaJd TEPEABUTATbCS M B JIPYTUX cpefax,
MOSIBUJIACh BO3JYIIHAS HaBWUTAlMs (adpOHaBHUTralus), a TakKe HaBUTAIUSI
KOCMHUYECKasi, Ha3eMHasi ¥ Jaxe noj3eMHas. OCHOBHOE cojepKaHHe JI000H U3
HUX OJHO U TO K€ — OINpEAENICHUE MECTOIOJIOKEHUSI 00BEKTa U MapaMeTPOB €ro
JBUKEHUSI, YIPABICHUE €ro JABM)KEHHUEM I10 kelaeMol Tpaektopuu. HapaBHe ¢
TEPMHHOM «a3pOHABUTALMSD B Pa3HOE BpPEMs HCHOJIb30BAINCH U IMPOJOJIKAIOT
opoit UCIOJIb30BaThCS TEPMUHBI «BO3YIIHAS HABUTAIUSD» u
«CaMOJIETOBOXKICHHEY.

TepMUHBI «adpOHABHUTALIAS» U «BO3MYIIHAS HABUTAIUS) TIOJHBIC CHHOHUMBI,
MOCKOJIBKY TpEYEeCcKoe «aer»  o3HadaeT BO3AyX. HoO ucmonp30BaTh CJIOBO
«adpOHABUTAIMS» SBHO MPEANOUYTHUTENbHEE. Bo-TepBbiX, KOpoue, BO-BTOPHIX,
MOJTHOCTBIO COOTBETCTBYET AHAJIOTHUYHBIM HHOS3BIYHBIM TEPMHHAM (@HTIIMHCKOE
«airnavigation», ¢panimysckoe «navigation aerienne»), a B-TPETbHX, MOSBHJIICS
3TOT TEPMUH B  Halle  CTpaHe  WMCTOPUYECKUM  paHplie. TepMuH
«CaMOJIETOBOKJCHHE», MOl KOTOPHIM MOHUMAIOT HE TOJIBKO BOXKIEHHE CaMOJIETOB,
HO W BEPTOJIETOB, JPYTUX JETATENIbHBIX allapaToB, MPOU3OIIEN, MO-BUIUMOMY,
10 aHAJIOTHH CO CIIOBOM «CYZOBOXIACHHEY.

NHorma WCHONB3YIOTCS CJOBa  «paJMOHABUTAIUSN», «ACTPOHOMHYECKAs
HABUTAIUA», «MHEPIMATIbHAS HABUTAIUS» U TOMY MOJ00HOE. DTO HE OTICIbHbBIC
BUJIbI HABUTAIIMI, a Ta K€ HaBUTanus (BO3IYIIHAs, MOPCKas, KOCMUYECKasi), HO
OCYyIIECTBIIsieMasi C UCTIOJIB30BAHUEM TEXHHYECKUX CPEACTB OINpPENEICHHOTO BHIA
(paIMOTEXHUYECKUX, AaCTPOHOMHUYECKMX W T.a1.). Ecmum  roBoputh 00
adpOHABHUTAIIMM KAaK HayKe WM y4yeOHOW IUCIUIUIMHE, TO 3TO €€ pa3Jelsbl,
paccMaTpHUBAIOIIIE BOPOCH IPUMEHEHHS OTPEICIEHHBIX BUIOB HABUTAIIMOHHOTO
000py10BaHUS.

BMmecte ¢ TeM, CITOBO «a’pOHABUTAIMS» JOCTATOUYHO YaCcTO MCIOIB3YETCS U B
W3Ha4aJIbHOM Oojiee HIMPOKOM 3HAYEHWHM Kak ToJeThl BooOmie. B Takux,
HanpuMmep, CJIOBOCOYETAHMSIX, KaK «OCEHHE-3UMHSIS HaBUTAIUS,
«adpOHaBUTAIIMOHHAST WH(MOpMaII», «adpoHaBuranuonnas komuccus UKAO» u
T.I.
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TepMuH «a’poHaBUTALUs», PACCMATPUBAEMbBIN B Y3KOM CMBICIIE, HMEET JIBa
B3aMMOCBSI3aHHBIX 3HAUEHUS:

- peanbHbId MPOLECC WM JEATEIBHOCTh JIIOJEH 10 JOCTHKEHUIO
ONpEICIICHHON LIEIIH;

- Hayka WM yueOHasi IUCUUIUIMHA, U3ydarollas 3Ty AesITEIbHOCTb.

s mepBOro U3 3TUX 3HAYEHUI MOYKHO JIaTh CIEAYIOUIEE ONPEACIICHUE.

Asponasucayus ~ —  ynpaeneHue — mpaekmopuei  ogudxcenus — BC,
ocyujecmeaasemoe IKUnaicem 8 nojeme.

[lon ynpasenenuem BOOOIE MOHUMAETCS MPHUBEACHUE OOBEKTA YMPaBICHHUS
(TOrO, YeM ympaBIIAIOT) B )KEJIAEMOE IOJOXKEHUE, COCTOSHUE U T.I. B HaBurammu
Bo3aymHoe cyaHo (BC) paccMarpuBaeTrcs Kak ToOdYKa, IepeMelIaroIiascs B
IIPOCTPAHCTBE M OMUCHIBAIOLIAS MPU 3TOM JIMHUIO — TPAEKTOPUIO MOJIETa. DKUIAXK
B IIOJIETE YNPABISAET KaK ABWKEHHEM JTOM TOYKH, TO €CTh €€ IEPEMEIICHUEM B
MPOCTPAHCTBE, TaK W TpPaeKTopuell B 1eJoM — ee (HopMOM, HJIMHON W T.II
[Ipecnenyembie mpu 3TOM LETU yNPABICHUS MOTYT OBITh Pa3HBIMHU, HAIPUMED, B
rpaXJaHCKONM M BOoeHHOW aBuanmu. Ecnu mns rpaxnanckux BC HeoO6xomumo
JNOOUTBHCS BO3MOXKHO OoJjiee ONM3KOro coBHaAeHUs (HaKTUUECKOM TPaeKTOPUH C
3aJIaHHOM, TO JUIsi BOGHHBIX CaMOJIETOB 3aJIaHHOM TPAEKTOPHUH MOXET HE OBbITh
BOOOIIIE, a OCHOBHOM 3aj71aueil OyJIeT SBISATHCA, HAPUMEP, TOUHBIN BBIXOJ] Ha EJb
B 3aJJaHHOE BpEMs.

B oOmeMm ciiydae moja «TpaeKTopHueil» B TaHHOM OINPEACICHUH MOHUMAETCs
HE MPOCTO JINHUSA B MPOCTPAHCTBE, @ IPOCTPAHCTBEHHO-BPEMEHHAS TPACKTOPUS, TO
€CTh JIMHUS, HA KOTOPOU KaXkAash TOYKa COOTBETCTBYET OINPEAEIEHHOMY MOMEHTY
BPEMEHH. OJTO JAeT BO3MOXKHOCTb OTHECTH K HAaBUTAMOHHBIM TaKue
TpaJMIMOHHBIE 3a7aud, KaKk oO0ecrnedYeHue BbIXOJa B 3aJaHHYI0 TOYKY B
Ha3HAuYE€HHOE BpeMsi, 00ecrieyeHue moJieTa o paclucaHuio 1 T.1.

Kazanoch Obl, onpeenss MOHATHE adpPOHABUTAIINH, JOCTATOYHO TOBOPUTH 00
ynpasieann BC kak mouxoii 1 HET HEOOXOJIUMOCTH TOBOPUTH 00 YINpaBleHUU
mpaexkmopuet. Ho ectb psaa  3agady  (TPaAMIMOHHO  HABUTAI[MOHHBIX,
HITYPMAHCKUX), KAacaroIIUXCsd HMMEHHO TPAaeKTOPHUH, MOCKOJIBKY TpPaeKTOpUsS B
LIEJIOM UMEET U JAPYrue CBOMCTBA, HE MPUCYIIUE OTAECIBbHOU ee Touke. Hampumep,
JUIMHA TPACKTOPUU, U3PACXOI0BAHHOE 32 BPEMS IOJIETA TOILIMBO 3aBUCSIT OT BCEM
TPACKTOPHH, SBIISIFOTCS, KaK TOBOPAT MaTeMaTUKH, ee QpyHKImoHanamu. [lorTomy
pemiaemasi IITYPMAaHOM 3ajlaya BbIOOpa HAWIYUIIEH C TOYKM 3pEHUsl pacxoja
TOIJIMBA TPACKTOPHH SIBISETCS HABUTALMOHHOM 3a/1a4eil.

OcymectBusier ympaBieHue JABmkeHneM BC ero JeTHbId  SKUMNAXK.
CrienuanucThl CXOAATCS Ha TOM, YTO KaK Obl HU COBEPILIEHCTBOBAIUCH CAMOJIETHI,
B 0003puMOM OynaylieM 4YeloBeK, IO KpailHell Mepe TMpu MacCaKUPCKHUX
nepeBo3Kax, BCE paBHO OyleT HaxoauThcs B MX KabuHax. Ho, pasymeercs,
SKHUMAX OCYIIECTBISICT HABUTalIMI0 C IIMPOKUM MCIOJIB30BAHUEM PA3ITUUYHBIX
TEXHUYECKUX CPEJCTB. JDTU CPEACTBA CHUMAIOT C SKHUIAXKa 3HAYUTEIbHYIO 4acTb
Harpy3ku, a Ha HambOojee coBepiieHHbIX BC OCTaBISIOT 3a YETOBEKOM JIUIIh
(GyHKIIUMA KOHTPOJIS U IPUHSTHUS PEIICHUN TPU HEMPEIBUICHHBIX CUTYAIUSIX.
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Mecmo a3ponasuzayuu 6 uepapxuu npPOUECco8 YNPAGIeHUA NOJICHOM.
Ecnu 3amate Bonpoc: «Kto ynpasaser asukenrnem BC», TO TpyJHO MNOJy4YUTh Ha
HEro OJHO3HayHbI OTBeT. CIIMIIKOM MHOTOYPOBHEBOE, HEPAPXHUYECKOE 3TO
MOHSATHE.

KoHeuHo, caMoieToM yIpaBisieT NOWIOT, BO3JECUCTBYS Ha OpraHbl
ynpasienus. Ho nenaet oH 310 Tak, YTOOBI BhIIEPKATh KypC, CKOPOCTh U BHICOTY,
3a1aBa€MyI0 IITYPMaHOM, KOTOPBIW, CIIEIOBATEIIBHO, TOKE YNPABISET MOJIETOM.
IlItypMman B CBOIO OYEpeAb pACCUATA 3TH IapaMETpbl B COOTBETCTBHM C
yKa3aHUsMHU JucrieTyepa (HampuMmep, O BBIXOJIE B 3aJaHHBIMA IMyHKT Ha 3a/laHHOU
BbICOTE), 3HauUUT U aucneryep ynpasisieT BC. Ho m oH 3amaer Tpaekropuu He
IIPOU3BOJIBHO, & B COOTBETCTBUU C YCTAaHOBJIECHHBIMU B JJAHHOM PaliOHE CXEMaMU
JIBW)KEHUSI — Tpaccamu, Kopuuopamu, smenoHamu. [lomydaercs, 4Tto oprassl
OpraHM3aIMy BO3AYIIHOTO JBUYKEHUS, KOTOPbIE CPOPMHUPOBAIU ATH CXEMBI, TOXKE
YYaCTHUKH yIPABJIEHUS MOJIETOM. DTy UEPAPXUUECKYIO JIECTHHILY yrpaBieHuss BC
MOXXHO M Jajblle IMPOJOJIKATh «BBEpX». HO MOXHO NPOJOIDKUTE U «BHH3Y,
3aMETUB, YTO Ha CaMOM JIeJleé YIPaBIAIOT CaMOJIETOM pYJIEBbIE MAIIWHKU
aBTOIIMJIOTA. . .

I'me )xe B 3TON Mepapxum a’poHasuranusa’ OHa Tam M Torma, korma BC
MO>XHO paccMaTpHUBaThb KaK MOYKY 6 Npocmpancmee, NEPEMEIEHUEM KOTOPOU
HY)KHO YyHOpaBiATb. M pasrpaHuyuTh 3TOT IPOLIECC CO CMEKHBIMU CTYIICHIMU
VEpapXuM YIPABIECHUS JOCTATOYHO MpocTO. Kak TOJNBKO MBI HauMHAEM
paccmatpuBaTh BC He Kak TOuYKy, a Kak OOBEKT, UMEIOLIMWA pa3Mepbl W,
CIIEIOBAaTEIbHO, YIJIOBYIO OpHUEHTAIUI0 (KypC, KpE€H, TaHrax), HaYMHAEeTCs
RUTOMUPOBAHUe — YAPAGIeHue Yer08blM O0gudceHuemM. A Kak TOJIbKO MOSBISETCS
x0T Obl 1Ba BC 1, Kak cinejcTBHE, BO3HUKAIOT HOBBIE 3a/lauu (DIIEIOHUPOBAHUE,
NPEeIOTBPAIEHUE ONMACHBIX COJIMKEHUN) — HAUYMHACTCA YHpAasieHUue 8030VUIHbIM
08UIICEHUEM.

Paszymeercsd, HET MHOrO IyTM M3MEHUTb TPACKTOPHUIO IIOJETA, KPOME KaK
nuiaoTupoBanueM. 1Iunor co3maer kpeH, U a3pOAMHAMUYECKUE CUIIbI 3aCTABIISIOT
BC wu3menuts Tpaekroputo. HaBuranus OCyHIECTBISETCS  IOCPEICTBOM
IAJIOTUPOBAHUSA, U OTU JBE COCTABIIAIOLIME YIPABICHUSA HEPA3pbIBHO CBSI3aHBI.
Ecimu B cocraBe 3Kkunaxa €CThb IITypMaH, TO PELICHWE HAaBUTAMOHHBIX 3a/1a4
BO3JIaraercsi Ha Hero, XOTs, KOHeUHO, U koMaHaup BC (muiioT) He BbIMyCKaeT 3TOT
MPOLECC M3-TIOJ KOHTPOJS. 3aJayeld MWIOTA SIBIAETCS BBINOJHEHWE KOMAH]
HITypMaHa, 00eCleYnBaOIINX yIpaBlieHue Tpaekropueil. Eciau B coctaBe skumaxa
HITypMaHa HET, TO MWIOT OCYIIECTBISAECT M HABUTALMIO, W IHWJIOTUPOBAHUE
OJTHOBPEMEHHO.

Tpebosanua k aponasuzayuu. llenpro nonera rpaxaanckoro BC sBngercs
nepeBo3Ka NacCaXupoB WIIU TPy3a U3 OJJHOTO MyHKTA B IPYroil 10O BHINOJIHEHUE
OTPEENIEHHOr0 BUJa padboT (CTPOUTEIBHO-MOHTAXHBIX, a9POCHEMKH, MOHUCKOBO-
cracatelibHbIX omnepauuid ©u T.4.). llpu OCylmecTBIEHHMM JTUX Ueled K
a’pOHABHUTALIMU TPEIBSIBISAIOTCS ONPEICICHHbBIE mMpebo8aHUsl.

1. be3onacnocmo asponasueayuu — OCHOBHOE TpeboBaHue. JlelicTBUTENBHO,
HET CMbIC/Ia MPEIbBIATh K adpOHABUTAIIMM KaKUe-TnOO TpeOoBaHUs elle, eciu
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CYILLECTBYET yrpo3a >KU3HHU DKUIIAKa U MACCAXKHUPOB, €CJIU HET YBEPEHHOCTH, UTO
BC gonetut 1o nmyHKTa Ha3HaYEHUS.

2. Toynocmo. 310 TpeOoOBaHUE BaxHO i rpaxaanckux BC, mockoiabky oHU
BBITIOJIHSIOT MOJIETHI 10 3A0aHHbIM TPACKTOPUsIM. TOYHOCTh a9POHABUTALIUUA — ITO
CTeNEHb MPUOJIMKEHUsT (PAKTUYECKON TpaeKTOpuu K 3amaHHOM. OT TOYHOCTH
3aBUCUT U 0€30IacHOCTb, M JKOHOMHMYHOCTH TojieTa. [loCKONBbKY 3alaHHbIC
TPACKTOPUM CTPOSIT TaK, YTOObl OHU OBLIM Oe30macHbIMU (HE TMEPECEKaTUCh C
MPENATCTBUSAMU, APYTUMHU TPACKTOPHUSIMH), TO YeM TOYHEE WX BblepxuBaeT BC,
TeM MeHbllle puck. C Npyroil CTOPOHBI, 3aJaHHbIE TPACKTOPUH, KaK MPABUIIO,
YCTaHaBIMBAIOTCA TO BO3MOXHOCTU Oosiee KOpoTKuMH. ClenoBaTelbHO, 4YeM
TOYHEE BBIIOJIHIETCS MOJIET, TEM KOPOYE TPAEKTOPHUS U MEHBIIE BPEMS MOJIETA.

3. Okonomuuynocms. Yem MeHbIIE BpeMmsi TOJieTa, TEM MEHBIIE
ce0EeCTOMMOCTh, BKJIIOYAOIIas B ce0sf BCE COIYTCTBYIOLIME 3aTpaTbl — OT
3apabOTHOM TJIaThl IEPCOHANA O CTOMMOCTH U3PACXO0BAHHOTO TOIUIHBA.

4. Pecynaprnocmo. Ilonetsl B 00IIeM cllydae JOHKHBI BBIMOIHATHCSA 10
pacnucaHuio. 3aJepXKKa C BBUIETOM WM MPUJIETOM HE TOJIBKO MPUHOCHUT
HEyI0OCTBa IMaccakupaMm, HO MOJKET IOBJEYh U 3HAUYUTEIbHbIE IKOHOMHYECKUE
notepu. Tak, Ha a3poApOMax ¢ BBICOKOW MHTEHCUBHOCTBIO IBUKEHUS OINO3/IaHUE C
MpPUOBITUEM B KOHTPOJBHYIO TOUKY Hayalsia 3aX0Jla Ha MOCaJIKy MOXKET MPUBECTH K
tomy, yTo BC OoTnpaBsaT B 30HY OXHUAAHUS, TJI€ OHO OYJET >K/1aTh OCBOOOXKICHUS
BPEMEHHOT'O «OKHa» ISl 3aX0/1a Ha IOCAJIKY, PacXOysl IOHAIIPACHY TOIUIUBO.

OcHnognule 3a0auu aponasuzayuu. IIpouecc a’poHABUTAlMM BKJIKOYAET B
ce0s pelIeHUE TPEX OCHOBHBIX 3A0aU:

- (dopmupoBaHue (BbIOOD) 3a0arHOU TPACKTOPUH,;

- ompezaeneHue mecrtonojoxeHus BC B mpocTpaHCTBE M MapameTpoOB
€ro JIBXKCHUS;

- (opMupoBaHHWE  HABUTAI[MOHHOTO  pemieHHs  (YIPaBIISIFOIINX
BO3/IeHCcTBUM /1714 BbIBOJa BC Ha 3a1aHHYIO TPAaCKTOPHIO).

dopMupoBaHue 3aJaHHOW TPACKTOPUM HAYMHAETCS OOBIYHO 3a70JT0 JI0
MoJIeTa, KOra yCTaHABIMBAKOTCS CETh BO3JIYIIHBIX TPACC, CXEMBbI MOJIETOB. B 3TOM
cllyyae [JaHHYK 3aJadyy OTHOCSAT HE K CcaMOM a’poHaBUraluu, a K
a’pOHABUTAIIMOHHOMY oOecriedeHuto mnojetoB. Ho ¢opmupoBanue Tpaekropuu
MOXET MPOUCXOJIUTh U OMEPATHUBHO B MOJETE, KOTJa JUCIIETYEp, & NHOTAA U caM
HKHIMAXK, BHIOUPAET, B KaKy0 TOYKY WM MO KaKOU JUHUU IMYTU JOJDKHO CIIe0BATh
BC. BeiOpanHas TeM WM HMHBIM CIOCOOOM 3aJaHHasi TPAEKTOpHUS, TO €CTh
TPaeKTOpHsl, MO0 KOTOPOH HEOOXOAMMO JIETETh, OJKHA ObITh M O€30MacHOM, U
PKOHOMUYHOM, B YACTHOCTH, HE€ JOJDKHA nepecekaTbcs C Ha3eMHBIMU
MPENATCTBUSMH U OBITh 10 BOBMOXKHOCTU KOpPOYE.

Onpenenenue mecromnonoxenuss BC B mpocTpaHcTBe — 0JJHA U3 OCHOBHBIX M
HACTOJILKO BKHBIX COCTABIIAIONINX HABUTAIIMY, Ha BBITIOJHEHHE KOTOPOH OOBIYHO
Y HaIlpaBJICHbl OCHOBHBIC YCUJIUS SKHUIIAXka, YTO HEKOTOPHIE OTOXKIECTBIISIIOT €€ C
HaBUTallMENd B IEJOM, TO €CTh CUMTAIOT, YTO HABHUrallMsl —TO TOJbKO M €CTh
onpeaenenue wmecronojoxenus BC. JlelcTBUTENbHO, 3HAYMTEIbHAs 4YacTh
OOpPTOBOTO M HA3€MHOTO HABUTAIIMOHHOTO OOOPYJOBaHUS NpEIHA3HA4YCHA IS
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onpeiesieHHs] KOOPJAUHAT caMoJIeTa U J0 HACTOSIIIEr0 BPEMEHH, 32 UCKIIOUYEHHEM
pa3Be UTO CIYTHUKOBBIX HaBUTAIIMOHHBIX CHUCTEM, padOoTa ¢ HUM 3aHUMAET
3HAUUTEIBHYI0 YacThb BpPEMEHH paldoThl IITypMaHa uiau nwiota. Ho momumo
KOOpJIMHAT HE0OXO0JUMO 3HaTh mapameTpbl aABmwxkeHuss BC, To ecTb CKOpOCTh U
HampaBieHue nepemenieHuss BC, a wuHorma ero yckopeHuss — 0e3 3TOro
HEBO3MOYHO BBIIEPKATh 33JJaHHYIO TPACKTOPHIO.

Kornpa mectononoxxenue BC ompeneneHO M BBISICHWIOCh, YTO OHO HE
HaxXOJUTCS Ha 3aJaHHOM TPACKTOPHUH (2 B MOAABJISAIONIEM OOJBIIMHCTBE CIy4acB
Tak W ObIBaeT), HEOOXOAWMO ONPENCTUTh BEIUYMHY OTKIOHCHHS W TPHUHSTH
HAaBUTAIIMOHHOE pEIICHWe, KaKUM HMEHHO 00pa3oM J0JDKHA OBITh HM3MEHEHa
dakTryeckas TpaekTopus mojera, uToObl BC BBINIIO HA 3alaHHYIO TPACKTOPHIO.
DOTO HaBUTallMOHHOE PEIICHUE MOXKET HUMETh BHJ, HalpuMmep, 3HAUYCHUI
3aIaHHOTO Kypca, KpeHa WM BEPTUKAIBHONM CKOPOCTH, KOTOPBIE IITypMaH
nepeaaetr nuiory. [IunoT ux peanusyer (Hampumep, pa3BOpayMBaeT caMoOJIET Ha
3aanHbIi Kype), u BC, usmensisi cBo0 (hakTUUYECKYIO TPACKTOPHUIO, MPUOIMKAET
ee K 3amaHHOW. WM Takas mMOCIENOBaTeNbHOCTh JEUCTBUUA NEPUOAUYECKU
MOBTOPSIETCA HA MPOTSKEHUH BCETO MOJIETA.

Ha BC, Ha KOTOpBIX MpOLECC a’pOHAaBUTAIMM B TOW WJIM WHON CTENECHH
aBTOMATU3UPOBaH, OIpeAeieHue MecTtonojoxkeHus BC u BBIBOJI Ha 3aJlaHHYIO
TPAEKTOPUIO MOTYT OCYIIECTBISATHCS aBTOMAaTHYECKU. HaBUTallmOHHBIM pelIeHUEM
mTypMaHa (WM NWIOTa TMPU OTCYTCTBUU IITypMaHa B COCTaBE SKHUIIAXa)
SBJISIETCS BRIOPAHHBIA PEKUM aBTOMATUUECKON paboThl OOPTOBOTO 000PYA0BaHUS.
PexxrmMoB pabOThl MOXKET OBITh HECKOJIBKO B 3aBUCHMOCTHU, HalpuUMeEp, OT TOTO,
KaKOro BHUJA TEXHUYECKHE CPEACTBA OMPEACISAIOT KOOPJAUHATHI U TMapameTpbl
nBmkenns BC.

Texnuueckue cpeocmea nasuzauuu. 1lonerst BC BBINONHAIOTCS U B TEMHOE
BpeMs CYTOK, W HajJ oOOJlakamMH, KOTJa 3€MJIM HE€ BHUIAHO M OCYIIECTBISTH
BU3YaJIbHYIO OPHUEHTUPOBKY HEBO3MOXHO. [TosTomy onpeiesICHHE
Mecrtononoxenuss BC u mapamMeTpoB €ro ABHXKEHUS OCYIIECTBISETCS TJIaBHBIM
o0pa3oM C TOMOIIBI0 MPUOOPOB, KOTOPHIE HA3BIBAIOT B IIEJIOM MEXHUYECKUMU
cpeocmeamu Hagueayuu. YemoBeKk B OTIMYUE OT NTHI], KOTOPHIE CIIOCOOHBI CaMu
OPUEHTUPOBATHCA MPHU AAIBHUX MEpEeTax, HE MMEET OpraHa 4yBCTB, KOTOPBIil
MO3BOJIMII Obl emMy 0Oe3 mpuOOpoB OMNPEACIIUTh CBOE MECTOIOJIOKCHUE B
MPOCTPAHCTBE B YCIOBUAX HEBUAUMOCTH 3€MJIH.

AspoHaBUTAIMS OCYIIECTBISCTCS C MCMOJIb30BAHUEM TEXHUUYECKUX CPEICTB,
KOTOPBIE PA3ACIIAIOTCS Ha CIEIYIOUIUE epyHnbl.

l'eomexnuueckue cpeocmea. ITO CpPEICTBA, NMPUHIMI JCUCTBUS KOTOPBIX
OCHOBAaH Ha WCHOJB30BAHUM  (GU3MUECKMX TMojedl 3emin  (MarHUTHOTO,
IPaBUTALIMOHHOTO, MO aTMOC(HEPHOTO AaBJCHUS) JUOO0 MCIOIB30BaHUU OOIIHUX
(bu3MYeCKuX 3aKOHOB MW CBOWCTB (Hampumep, cBoiicTBa uHepiuu). K aToif
OOMNBINION U caMOW JPEBHEHN TPyMIE OTHOCATCA 0apOMETPUUYECKHUE BHICOTOMEDHI,
MAarHUTHbIE U TUPOCKOMUYECKUE KOMITAChl, MEXaHHUYECKHUE Yachl, MHEPIUAJIbHbIE
HaBUTAI[MOHHBIE CUCTEMBI U T.II.
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Paouomexnuueckue cpedcmea B HacTosiliee BpeMsl MPEACTaBISAIOT COOOU
camyio OOJBIIYI0O M CaMyl0 BaXHYIO TpPYIIY CpPEICTB, SBISIONIMXCS B
COBPEMEHHOW a’pOHABUTAIlMU OCHOBHBIMU IS omnpejeneHus kak koopauHat BC,
TaKk W HamnpaBiieHUs ero ABWXKeHus. OHU OCHOBaHbl HA M3IYYECHUU U TpPUEME
paguoBOSIH OOPTOBBIMH M HA3eMHBIMU PATMOTEXHHUUECKUMHU YCTPOMCTBAMH,
U3MEPEHUU TMapaMeTpPoOB pPaJUOCHUTHANa, KOTOPBIM K HECEeT HaBUTAIMOHHYIO
nHpopMmaruro.

Acmponomuueckue cpeocmeéa. MeTOapl ONpPENEICHUS MECTOIOJIOXKEHU U
Kypca kopabns c¢ mnomombio HeOecHbIXx cBeTwsl (Comnua, JIyHbl W 3Be3n)
ucnoas3oBaiuchk eme Komymoom m MaremnanoMm. C mosiBICHUEM aBUALIMM OHU
OBLIM TEpPEHECEeHbl W B Aa3pPOHABUTALIMOHHYIO NPAKTUKY, pasyMeercs, IpH
WCIIOJIb30BAaHUU CIIELMAIBHO CKOHCTPYMPOBAHHBIX  JUJISI 3TOTO TEXHUYECKUX
CPEICTB — aBHMALIMOHHBIX KOMIIACOB, CEKCTAaHTOB M OpUEHTaTopoB. OpHako
TOYHOCTh ACTPOHOMHYECKUX CPEJICTB ObLla HHU3KA, a BpeMs, HEOOXOIUMOE st
OTIPEJICIICHHS C WX TOMOIIBI0O HABUTAIMOHHBIX MApaMETPOB, JOCTATOYHO BEJIHUKO,
IO3TOMY C MOSBJIEHUEM 00Jie€ TOUHBIX U YJOOHBIX PaJUOTEXHUYECKUX CPEICTB
ACTPOHOMHYECKHE CpPEJICTBA OKa3alMCh 3a pPaMKaMU IITATHOTO O0OpYIOBaHUS
rpaxxaanckux BC, ocraBasich JMIllb Ha CaMoOJ€TaX, BBIMOJHSIOMIUX TOJETHl B
MOJIIPHBIX palioHaX.

Ceemomexnuueckue cpedcmea. Korma-to Ha 3ape aBHAllUM  CBETOBBIC
Masiki, HanogoOHe MOPCKMX MasKOB, YCTaHAaBIMBAIM HA a’3poJpoMax C TEM,
yTOOBI HOUBIO MUJIOT U3/IaJIeKa CMOT €ro yBuAeTh. [lo Mepe Toro, kak moJyieThl BCe
OoJbpIIE CTanU MPOXOAUTH MO MPUOOPAM M B CIOXKHBIX METEOYCIOBHSX, TaKas
IpaKkTHKa cTaja COKpallarbcs. B HacTosiiee BpeMsi CBETOTEXHUYECKUE CPEICTBA
UCITIOJIB3YIOTCSl TJIaBHBIM 00pa30oM IpH 3aX0/€ Ha MOcaaKy. Pa3inuuHble cHCTEMBI
CBETOTEXHUYECKOr0 OOOpYAOBaHMUS MO3BOJSIOT JKUIAXy HAa KOHEYHOM JTarle
3axoia OOHApYKWUTh B3JIETHO-TIocanouHyto monocy (BIII) wu ompenenutsb
nosioxkenue BC OTHOCUTENIBHO Hee.

A3jponasuzauuonnoe obecneuenue noaemos. O ToM, 9TOObI a3POHABHUTALIHS
COOTBETCTBOBAJIa  MPEIBSIBISIEMbBIM K HeW  TpeOOBaHUSM, HEOOXOIUMO
n03a00TUTHCS 3370Ar0 a0 mnojera. [lnsg 3Toro MOMKHBI OBITH OCTPOEHBI
Oe3omacHble ¥ IKOHOMHUYHBIC 33JaHHBIC TPACKTOPUH TOJIETa MO MapuipyTy U B
paiioHe a3pojpoma, MPOU3BEACHbI BCe HEOOXOIUMBbIE MPEAINOJIETHBIE PAacUeThl, a
HKUMAXK JIOJDKEH OBbITh oOecrieueH HeoOxoanumon nHpopMauuen. Pelienne 31ux u
Ipyrux 3amgady oObeauHseTCa B 00JAacTh JEATEIbHOCTH, KOTOpPas B MOCIEIHUE
rOJIbl MOJyYusia Ha3BaHHUE adPOHABULAYUOHH020 0becneuenus nonemos (AHO).

Asponasucayuonnoe obecneueHue noOaAeMoO8 — KOMNIEKC MepOnpusimul,
NPOBOOUMBIX HA 2MANAX OP2AHU3AYUU, NOO20MOBKU U BbINOJIHEHUs. NOJLemo8 U
HanpasieHHbIX HA CO30anue Ycao6ull OJisi MOYHOU, 0e30NACHOU U IKOHOMUUHOU
A3pOHABULAYUU.

OTa JAESITENbHOCTh OCYIICCTBISIETCS PA3IMYHBIMHU CIY>KOaMU a’pOTNOPTOB,
aBUAKOMITAHHM, TICHTPAIBHBIX PYKOBOISIIMX OpPraHoB oTpaciu. OHa BKIIIOYAET B
ceOsl yCTaHOBJIEHHE 3aJlaHHBIX TPAEKTOPHI ToJjieTa (BO3MYIIHBIX TPACC, CXEM
MaHEBpPHUPOBAHUS B PailoOHE a’poJipoMa U T.II.), 00ECTICUCHNE IKUMAKEH U APYTHX
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notpebureneil a’poHaBUTallMOHHON HHQOpMAIMe, MOATOTOBKY MAHHBIX IS
OOpPTOBBIX U  HA3eMHBIX  ABTOMATHU3HPOBAHHBIX  CHUCTEM,  BBIIIOJIHEHHE
MPEANOJIETHBIX PACUYETOB, IMPEANOJIETHOE KOHCYJIbTUPOBAHUE HKHUMAXKEN IO
BOIIpOCAM a’pOHaBUraluu uU MHoroe napyroe. Ilo mepe Toro kak mporecc
a’pOHABUTAIIMM CTAaHOBUTCS Bce 0OoJiee aBTOMATHU3MPOBAHHBIM, BCE OOJBIIE
Bo3pacTtaeT poiab AHO.

Ajponasucayua Kaxk Hayka u yueOHaa Oucyunauna. TepMuHOM
«a’pOHaBUTAIMS» 0003HAYAETCA HE TOJIBKO MPOIIECC TPAEKTOPHOTO YIPaBICHUS
BC, HO 1 Hayka, a Takxke y4yeOHas JMCLMIUIMHA, U3yYarolue 3TOT IpoLecc.

Asponasucayus — npukiaoHas HAyKa O MOYHOM, HAOEHCHOM U 6e30nacHOM
soocoenuu BC u3z 00Hot mouxku 6 opyayto, 0 Memooax npuMeHeHus. MmexHU4ecKux
cpeocme Hagueayuu.

Kak Hayka a’spoHaBUranusi TECHO CBS3aHA C JAPYTMMHU HayKamH, B TEPBYIO
ouepens ¢ AHO.

Eme He Tak JaBHO, BONpPOCHI, OTHOCcsAIuUecs ceidac k AHO, Bkiroyanuce B
Kypc asponaBuranuu. Ho B HacTosimee Bpems kpyr 3agad AHO HacTonbko Bo3poc,
a 3a/Jlaud HACTOJBKO YCJIOKHWIHKCh, YTO WX LEJIecoo0pa3HO paccMaTpUBaTh B
OTZEJIbHOW JIUCLUIUIMHE.

OcHOBOW 711 a3pOHABHUIallMM KAaK HAYKHM B MEPBYIO OYEPEAb SBISIOTCA
MaTeMaThka ¥ (U3MKa, HO TECHO CBSI3aHbI C a’pOHABHTrallied W CHEIUaTbHBIC
JTUCHMUIUIMHBL.  TeOMH(OPMaIlMOHHbIC OCHOBbI HABUTAIlMW, AaBUAIIMOHHBIC
PaIUOTEXHUYECKHUE CPEJICTBA, aBUALIMOHHAS! METEOPOJIOT L.

3HayeHUE a’pOHABUTAIMU KaK JUCHUIUIMHBI BEJIUKO, XOTS, KOHEYHO, H
pa3IMYHO JUISl Pa3HBIX CHEHUATUCTOB. Pa3zymeercs, ITypMaH, KOTOPBIA H
OCYILIECTBIISIET a3POHABUTALIMIO B TIOJIETE, a Takxke cnenuaincT no AHO, kotopeli
HaBUTAIMIO 00€CTIEYMBAECT, JOJIKHBI 3HATh JAHHYIO JUCHUIUIMHY OYE€Hb XOPOIIO U
B TOJIHOM oOBbeMe. [IpakTuyecku Ha TaKOM K€ YPOBHE JIOJDKEH 3HATH €€ U MHJIOT
JlaXke MpU HAJIMYMM IITYpMaHa B COCTaBe SKunaxa. Bo-mepsbix, komanaup BC
OTBEYaeT 3a TMOJET B IIEJIOM, pabOTy BCEX YJICHOB JKHIMaXXka, B TOM 4YHUCIE
MITYpMaHa, MOATOMY OH 00s3aH KOHTPOJMPOBATh BBINOJIHEHUE adPOHABUTALINU B
MoJIeTe W TMPUHUMATh B HEW aKTHBHOE ydacTthe. Bo-BTOpBIX, Ha Bce OoJibliieM
konuuectBe TUNoB BC B Hamielt cTpaHe (a 3a pyOekoM MPaKTHYECKH Ha BCEX)
HITypMaH OTCYTCTBYET B IITATHOM COCTaBE€ JKHUIaka. A3pOHaBUTAIIMEN HA TaKUX
BC 3anumMaeTtcs muioT, U 3HaTh OH €€ JOJDKEH HE XYy)Ke IITypMaHa.

Jucnetuep no o0CaykuBaHUIO Bo3ayliHoro apuxeHus (OBJl) nomxeH 3HATh
a’pOHABUTAIIMI0O B HECKOJbKO MeHblIeM oObeme. Beab OH He 3aHMMaeTcs €ro
HernocpencTBeHHO Ha Oopty BC M, 3HauuT, HE JAOJDKEH 3HaTh MOAPOOHO
pa3IMYHbIe METOJbl TMPUMEHEHUs OOpPTOBBIX HABUTAIMOHHBIX cpeactB. Ho
JMCTIETYEp JOJDKEH YEeTKO 3HAaTh BO3MOXHOCTH JKHMaXa IO OCYIIECTBICHHUIO
adpOHABUTAIIMU, YMETh OKa3aThb €My TIOMOIb, TepeaaTh HeoOXOAUMYIO
a’pOHABUTAITMOHHYIO MH(DOopMaIuio. HeBo3MOXHO mpecTaBUTh cede aucneTdepa,
HE 3HAKOMOI'O C a’poHaBuranuen, kak u uacnekropa ['MMBb/I/1, He 3Haromiero, kak
yIPaBIsTh aBTOMOOUIIEM.
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B ompenenerHoM oObeMe MpeACTaBiICHUS 00 ad’pOHABHUTAIMUA HYXHBI M
JPYTUM aBUAIMOHHBIM CIELUAIUCTaM: HHXXEHEpaM U TEeXHUKaM Mo pabore ¢
HABUTAIIMOHHBIM 000PYI0BAHUEM, COTPYJHUKAM 110 00€CTIEUEHHUIO MOJIETOB U T.II.

WNuorna y OyaymMx NUJIOTOB U INTYPMaHOB BO3HMKAET BOIIPOC: a 3ayeM
HY>)KHO TaK XOpOIIO 3HaTh a’pOHABHUrallMIO, €ClIu Ha coBpeMeHHbIx BC oHa B
3HAUYUTENBHON CTENEHU aBTOMAaTU3UpoBaHa? [[eliCTBUTENBHO, JOCTATOYHO BBECTH
B OOPTOBOI KOMITBIOTEP MporpamMmy moseta u oH cam goseaer BC no aspoapoma
Ha3zHayeHusa. YTo K, B UACaIBLHOM Clly4yae, MOXKET, U noBeaeT. Ho 3anaiite cebe
BOMPOC: XOTENU OBl BBl OBITH MACCAXUPAMHU CaMOJIETa, SKUMaK KOTOPOTO HE yMEeT
UM VOpaBIATh, & TOJBKO 3HAET, KaK BKJIIOYUTh W BBIKIIOYUTH OOPTOBOMU
KoMmnbioTep? Bo-miepBbIX, MporpaMmy MoJieTa JJisi KOMIBIOTEpAa HYKHO
MOATOTOBUTH, IPOBEPUTH U B JIFOOO MOMEHT OBITh TOTOBBIM MPU HEOOXOAUMOCTH
U3MEHUTh. BO-BTOPHIX, MOKET OKa3aThCsl, UTO 3Ta MporpamMmMa COACPKUT OLINOKY
— HYXXHO YMETh €€ CBOEBPEMEHHO OOHApyXUTh U UCHPaBUTh. B-TpeTbux, MOryT
Opou3ouTH (M TPOUCXOAAT!) OTKa3bl OTACNIBHBIX TEXHUYECKUX CPEJICTB
HAaBUTAllMM, COOM KOMIBIOTEPHBIX TmporpamMM. Hwukakas mnporpamMma He B
COCTOSIHUU MPELYCMOTPETh BCE BO3MOXKHBIE CUTYallMU, U TOJIBKO YEJIOBEK MOXET B
Takol OOCTaHOBKE MPHUHSATH MPaBUIILHOE pelieHue. B-ueTBepThIX, COBPEMEHHbBIC
HAaBUTAIIMOHHBIE aBTOMATU3UPOBAHHBIE CHUCTEMbI UMEIOT HECKOJIBKO BO3MOKHBIX
pPEXKUMOB pabOTHI, BHIOpATh M3 KOTOPBHIX HAWIYYIIMK JOJKEH HUMEHHO SKHITaXK
UCXOJISl U3 TEKYIIEH adpOHaBUTAIMOHHON OOCTAHOBKH.

Pa3zymeercs, 1Mo Mepe COBEPIICHCTBOBAHUS M aBTOMAaTH3allud OOpPTOBBIC
HAaBUTallMOHHBIE CpeACcTBa OepyT Ha ceOsl Bce OOJNBIIYI0 YacTh HaBUTAIMOHHOU
paboThl JKHMaXa, IMOITOMY CHEHUAIBbHBIA WIEH JKUIaXa, 3aHUMAIOIIHICs
HaBuTamuen (WITypMaH),  MmepectaeT ObITh HeoOXoauMbiM Ha Oopty. Ho
UCKJIIOYUTh €T0 U3 COCTaBa IKUIMaKa MOXKHO TOJIBKO MPH YCJIOBUH, UYTO MUJIOTHI (a
UMEHHO OHHU OepyT Ha cels ero (yHKIMU) XOpOIIO BJIAACIOT CPEACTBAMHU H
METO/IaMH HaBUTAIUH, TTyOOKO MOHUMAIOT CYITHOCTh MIPOTEKAIOIINX MPOIECCOB U
B COCTOSSHUM MPUHATH NPABUJIBHOE HABUTAIMOHHOE PEIICHUE JaXe B caMoi
CJIOKHOM M HECTaHJIAPTHOW HABUTAIIMOHHOW OOCTaHOBKE.

AbspoHaBUTAIMS SBISETCS MPOIIECCOM CYT'y00 TEXHUYECKUM, HO MHOT/Ia U OHA
BBIXOJUT B 00JIACTb COIIMAJIBHBIX OTHOIIECHUHN, SKOHOMUKHA U JAXKE TOJUTHKH.
Bb160op onTUMaNbHBIX TPACKTOPUA, BBHICOT U PEKUMOB TIOJIETA, SIBJSSCH 3a/adyeit
TEXHUYECKOM, MOXKET MPUBECTU K CYIIECTBEHHOW KOHOMHUU TOIUIMBA W BPEMEHU
nojieTa. A MHOT/Aa a’pOHABUTAIMOHHBIE TTPOOJIEMbI MPUBOJAT U K MOJTUTUUYECKUM
KOHQIMKTaM M TMOTpsiceHHs M. JlOCTaTOYHO BCIIOMHUTH COWUTHIM B Hauaje
BOCBMHUJIECATHIX T'OJIOB FO)KHOKOPEUCKHM BOWHI, OTKIOHMBIIMICSA OT MapuipyTa
M3-32 HaBUTAlIMOHHOW omuOku. /la u BooOIIEe, OE30MaCHOCTh JIOJICH — BOMPOC
COLMAJIBHBIN U TYMAaHUTAPHBIH.

AdpoHaBuTanys Kak ydyeOHas AWCIMIUIMHA 110 COJEPXKAHUIO CBOETO
MaTepuaia He SBISETCA  CTOJb CIIOKHOW Kak, Hampumep, (QuU3NKa WIn
MareMatnka. Ho y Hee ecTh BakHas OCOOCHHOCTh, OTJIMYAKONIAs €€ OT
OONBIIMHCTBA APYTMX JTUCHUIUIMH. Ecnmu mpu pemieHun 3amauu 1o (Qusuke
JomyIieHa ommuoKa, TO 3arjisHyB B y4eOHUK €€ MOXKHO HcCIpaBuTh. Eciam ke B
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MoJIeTe JIONMYIIeHAa HaBUTAIIMOHHAs omu0Kka, B pesynbrare Kotopoit BC,
HaIpuMep, CTOJIKHYJOCh TOpOH, TO HCHpaBIATh ee OynaeT Hekomy. OTcrona
CIIEIyeT, 4YTO BCE HABWUTAIMOHHBIC 3aJadd DSKUIMAX JOJKEH yMETh pEIIaTh
0€30IIMO0YHO, TOYHO U OBICTPO U, KOHEYHO, 0O€3 MOMOIIU YYCOHUKOB H
mmaprajiok. st Toro, 94To0bl JOOUTHCS 3TOr0, HEJOCTATOYHO 3aYYUTh (POPMYIIBI
1 nipaBuia. Hy)KHO XOpOIIIo MOHUMATh CMBICT IIPOTEKAIOIIUX B IMOJIETE IIPOIIECCOB,
IPEACTaBIATh ceOe OoOIIyr0 KapTUHY II0jeTa, TO €CTh HMETh, KaK T'OBOPST
aBUAIMOHHBIC TICUXOJIOTH, «HABUTAITMOHHBIA 00pa3 mosera». JIJisi 3Toro Hy»KHO
UMETh TIPOCTPAHCTBEHHOE BOOOPaKEHHE, XOPOIIYI0 KPAaTKOBPEMEHHYIO TaMSTh,
UMETh MMPOYHBIC HABBIKA YCTHOTO CUYETa XOTS ObI HA YPOBHE CIIOKEHUS-BBIYNTAHUS
JIBYX- WU TPEX3HAYHBIX YUCE.

[TproOperenue TakMxX HABBIKOB cCaMO MO cebe He MPEeACTaBIAET OOIBIION
CIIOXHOCTH, HO OHO HE MOXET OBITh BBINOJHEHO MTHOBEHHO, TpeOyeT
MIOCJICTIOBATEILHOM TTOCTEIICHHOM paboThl. Kak HEBO3MOXKHO 3a TPH JHS JI0 3a4deTa
1m0 (OU3KYIbTYpE HAYYUTHCS TMOATATHUBATHCS ABAAIATh pa3, TaK HEBO3MOIKHO
OBJIJICTh HABUTAIIMCH, €CJIM HE 3aHUMAThCS €10 CHCTEMAaTHUCCKH.

1.2. KpaTkuii ouepKk HCTOPUM 0TeYEeCTBEHHOI a3POHABUTALMHU

CnoxHble HABUTallMOHHBIE CHCTEMbl W KOMIUIEKCHI, YCTAHOBJICHHBIE Ha
COBPEMEHHBIX CaMOJIETaX, MOSBWIMCh HE Ha IycToM MecTe. OHU SBUIHCH
pE3yNbTATOM JIOJITOTO W TEPHHUCTOrO MYTH IO pa3pabOTKe BCE HOBBIX U Ooliee
COBEPILIEHHBIX TEXHUYECKUX CPEJCTB HABUTALUK U METOJIOB UX IIPUMEHEHUS.

[TosHast UCTOpUSL OTEHYECTBEHHOM a’pOHABUIAllMM IIOKA €IIE JKIAET CBOETO
uccienosarens. B JaHHOW TIJlaBe OYEpUYEHBl JUIIb HEKOTOPHIE BEXH Pa3BUTHUSA
HABUTAIIMOHHOM HAYKH W TEXHUKH.

12 urons (30 urons) 1804 r. akamemuk Poccuiickoii Axkamemun Hayk SKoB
JImMuTpueBny 3axapoB MPOMU3BEIN MEPBbIA B MHUPE NOJIET HAa BO3JIYIIHOM IIApe C
Hay4yHOW 1enbto (Ha nBa Mecsina panbine ['eit-Jlroccaka) (puc.l.1). Iloner nHan
okpecTtHOCTssMH [lerepOypra mnpomoipkancs 3 yaca 45 MHHYT Ha BBICOTE,
nocturasmeid 2000 m. B monere S./[.3axapoB mnonb3oBaics mnpudbopamu —
KOMIIACOM M BEPTUKAIbHOW 3pUTEIbHOM TpyOOH, mpoBeAs LENbld psf
HaOJIOJICHUM M TIPOJIOKUB HA KapTe MapuipyT mojiera. Tak ObUIO TOJIOXKEHO
HayaJio HOBOW HayKe a3pOHABUTALIMH.

Jlo u300peTeHus JieTaTeabHBIX annapaToB TsKEJIEE BO3AyXa IOCTENEHHO
COBEPILIEHCTBOBAJIACH a’pOHABHTalMs BO3AYWIHBIX [apoB. llepBoHavyasbHO
OPUEHTHUPOBKA OCYILECTBIUIACh MO  MpeIMeTaM Ha MECTHOCTH C IIOMOILIBIO
tonorpaduyeckux kapt (macmrabda 3 unm 10 Bepct B mroiime). Ho mpu nonere Han
0JIHOOOpPa3HON MECTHOCTBHIO OPHUEHTUPOB HEe XBartajo. [loaTomy nms onpeneneHus
MECTOHAXOXACHUSI BO3AYIIHOTO Iapa ObUIO MPEIOKEHO U3MEPSATh CKOPOCTh U
HaIlpaBJIEHUE €ro JBWXKEHMS, a 3aTEM IPOKJIAaAbIBaTh Ha KapTe€ pacCTOSHUS,
MPOWJICHHBIE 32 M3BECTHBIE MPOMEXKYTKM BpemeHu. [lpubop s u3MepeHus
CKOPOCTU W HarpapjeHus nojerta 0bu1 u3o0pereH B 1897 r. M.M.IlomopueBbim.
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OH ObLT OCHOBAH Ha UCIOJB30BAHUN KOMIIACa U OMTUYECKOM TPYObI C BUSUPHBIMU
HUTSMU U BWICS IPEIKOM HaBUTALIUOHHBIX BU3UPOB.

]
Sy

Ll

Puc. 1.1. ko JImutpueBuu 3axapos

Heo6xoaumocTh UCIONIb30BaHUS B TI0JIETE HABUTAIIMOHHBIX MPUOOPOB ObLIa
OCO3HaHA JIaBHO. Y’K€ Ha MEPBOM B MHUPE, XOTS U HE OTOPBABIIEMCS OT 3E€MIIH,
camoiiere A.®D.Mosxkaiickoro B 1878 1. ObuIH NpeayCMOTPEHBI MATHUTHBIN KOMIIAC,
BBICOTOMED, YaChl U HABUTAIIMOHHBIN TUIAHIIIET.

B mepBbie rojibl mociie MOSIBIICHHUS CamoJIeTOB (NEpPBBIM B MUpE MOJIET Ha
camoisiere ObuT ocymectBieH B 1903 r. Opatesamu PaiiT) netumky Oomblie
MPUXOUIIOCH TOJaraThCsi Ha COOCTBEHHBIC ONIYIICHUS, YeM Ha MpUOOphl. Pexum
paboThl MOTOpa ONpPEAEIICA Ha CIIyX, CKOPOCTh IOJIETa — IO CBHUCTY CTSIKEK,
HaIIpaBJICHUE MOJIETA — IO COJIHILY.

B 1911-1912 rr. HaBUranmoHHOe OOOPYJOBAHHE CAMOJIETOB COCTOSJIO U3
KOMIIaca, BbICOTOMEpa (OH 4acTO MPUCTErHBAJICS JIETYMKY HAa PYKY WM KOJIEHO),
yKaszaTels CKOPOCTH, YacoB W IulaHmiera ¢ kaptou. [lpuyem kapra u Obuia
TJIaBHBIM cpeacTBOM HaBuranuu. IlepBas B Poccum cnenuanbHasi mojieTHasi KapTa
Oba m3gana gumb B 1910 r. qis nepenera [etepOypr-MockBa. B Harie Bpewms,
KOT/1a HaBUTaIus 0e3 mpuOOpOB MPAKTUYECKU HEMBICTMMA, UHTEPECHO y3HATh, YTO
B «llamsaTrke unerumka», wm3manHod B 1912 1., Obulo ckasano: «l naBHOM
O0COOEHHOCTBIO OPHEHTHPOBKH C a’pOoIUIaHa SBISIETCS TO, YTO B OOJBIIMHCTBE
Clly4aeB KOMIIAaCOM B MOJIETE€ HE MOJb3YIOTCA, & OPUEHTUPYIOTCS MO MECTHBIM
peaMETam».

B 1913 r. B.A.CnecapeB u3zo0pen crnoco0 u3MepeHus: BO3AYIITHON CKOPOCTH
0 pPa3HOCTH CTATUYECKOr0 M JIMHaMH4yecKoro napiieHuid. [Ipubop Obin
NpOTapupoOBaH B  BO3JyXoIUlaBaTeiabHOM Jjabopatopuu IlomuTexHuueckoro
uHctutyta B Cankt-IletepOypre. ['omom no3zxe B.A.CrnecapeB CKOHCTpyupoBal
s camonera «Hibst Mypomery HaBUTallMOHHBINA BU3UP, MO3BOJIIOIINN U3MEPSTH
HABUTAIIMOHHBIE DJIEMEHTHI W OCYIIECTBISATH OOMOOMETaHHE, UYTO OKa3aJlOCh
BEChbMAa KCTATH BBUJY HAYABIICKCS MEPBOM MUPOBOW BOWHBI. B roJibl 3TOM BOWMHBI
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A.H.)KypaBueHko (BMOCIEICTBUM 3aCIYXKEHHbIA JI€ATElIb HAYKU MU TEXHUKH)
pa3zpaboTtasi OCHOBBI MeTOAUKHU BOXkAeHUSI BC B CI0OKHBIX METEOYCIOBUSX, C/IEIaB
BBIBOJI, UTO TOUYHOCTH OTPEICTICHUSI MECTOMOJIOKEHUSI METOAOM MPOKIAAKU (TOTaa
OHa cocTaBiisia 3-5% OT MPONUIEHHOTO PACCTOSIHUS) MO3BOJISIET HayaTh paboTy Mo
BBITIOJIHEHUIO TIOJIETOB HaJ OOJlakaMM W HOYbIO. BbUIM CcO37aHBl MPOTOTHUIIBI
BeTpoueToB KOHCTpyKuuu JKypaBueHko u KanuTuHa, a BHOOCIEACTBUU ObLI
M300pETeH U MOJY4YWJI HaumOOJbIIee PacHpoCTpaHEHUE BETPOYET KOHCTPYKIIMU
Crepnurosa.

B konme 20-x rogoB THUIIOBOE OOOpPYAOBAHHE CAMOJIETOB HABUTAIIMOHHBIMU
npubopamu, yTBepkaeHHoe Ympaienuem BBC, Bkmouano B ceOs: Komriac,
yKa3zaTellb CKOPOCTH, BBICOTOMEP, Yachbl C CEKyHAOMEpPOM, BHU3UP, MEJIECHraTop,
BETPOYET, TEPMOMETP HAPY>KHOTO BO31yxa. Takxke B KaOMHE JTOKHBI ObLIN OBITh
IUTAHIIET AJI KapT, TpauKu U TaOnuibl monpaBok K npudopam. B 1933-1934 rr.
NepeueHb 3TOr0 000PYOBaHUS MOTOJHUIICS BaAPUOMETPOM M aBUAropu3oHToMm. B
1935 r. coBerckuMu wu3o0perarensiMd  ObT  CKOHCTPYMPOBAH  HOBBIN
OpPUTHHAIBHBIA IPUOOP — TMPOMATHUTHBIN KOMIIAC.

JlanbHeillee pa3BUTHE a’pOHABUTAIMK TPEOOBAJIO CO3/JaHUS HAYYHBIX U
y4eOHBIX 3aBeJIeHUI B 3Toi obnactu. PazymeeTcs, sl MOpeIuiaBaHus IITYpMaHbl
B Poccun oOyuanuch uznasHa. Emie 25 suBapst 1701 1. B COOTBETCTBUU C YKa30M
[Terpa | B MockBe Obla yupexieHa mkoia «MareMaTuuecKuX U HaBUTallMOHHBIX,
TO €CTh MOPEXOJIHBIX XMTPOCHO HAyK Y4YEHHIO», TaK Ha3biBaeMas Hasuraikas
IIKOJIa, TOTOBUBIIAS «IITIOPMAHOB.

KoneuHo, s aBHanMv U AJi1 a3pOHABUIallid B YaCTHOCTU HY>KHO OBLIO
TOTOBUTH KaJphl crenuanbHo. Eme B okTsiOpe 1914 1. «oTer pycckoii aBUaIium
npodeccop H.EKykoBckuit opranuzoBan 1pu  MOCKOBCKOM  BBICHIEM
TEXHUYECKOM yuminile «TeopeTuueckue Kypchbl aBUALUU» C YETHIPEXMECSIYHBIM
CPOKOM O0O0yuyeHHus: s J00pOBOJIbLIEB-IETYMKOB. HauamoMm e HOAroTOBKU
HAaBUTAITMOHHBIX KaJpOB JUIS aBHAIlMM MOXKHO cuuTarh 1919 r., xorma Obuia
co3nana Illkona KpacHoro Bo3aymHoro ¢uora, rOTOBHUBIIAS CHEUAINCTOB IO
a’podoTochemke, a ¢ 1920 1. Takke U adpoHasucamopos, Kak TOTAa Ha3bIBAIU
MTypMaHOB. Ee  OKOHYWMIIM  TPOCIABICHHBIE  BIOCIEACTBUU  IITYpPMAaHbI
A.B.bensikoB u C.A./{anuiuH.

24 maprta 1916 r. B KueBe Obuta co3mana llenTtpanpHas adpoHaBUTallMOHHAS
CTaHIUSl — IEpPBOE HAYYHO-HUCCIEAOBATENIbCKOE YUPEXKICHHE Hallel CTpaHbl B
o0nacTu a’poHaBuranuu. HTEpecHo, 4TO BO3IJIABISLUI €€ BCEMUPHO HM3BECTHBIN
yueHbll A.Dpuaman, BIepBble JOKA3aBIINM, YTO BCEJIIEHHAs pacmmpsercs. [locne
PEBOJIIOLIMM CTAaHIUSI TpeKpaTwia cBOw paboty, HO B 1923 r. LlenTtpanbHas
asponaBurainmonHas crtanuus (LJAHC) Opina co3gaHa Ha XOIBIHCKOM TOJI€ B
Mockse (puc. 1.2).

B 20-30-e roapl MOSBISAIOTCS HaydHble paOOTbl M Y4YEOHHUKH TIO
aspoHaBuranuu: «Bormpockl asponaBuranmonHon npaktukn» H.D.Kyapssuesa u
C.A.Hozgposckoro (1926 r.), «PykoBOACTBO MO BO3AYLIHON HaBUTAIlUW»
b.B.Crepmurosa (1930 r.), yue6nuku mo asponasuramuu H.d.Kynpssuesa (1932,
1938 rr.), [1.A.MomuanoBa (1937 r.) u apyrux aBropoB. B 1939 r. BeInuta kHura
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B.IO.Ilosmsika «Teopuss camMOJIETOBOXKIEHHS», B KOTOPOW BIEPBBIE HIMPOKO
UCIIOJB30BaNack BeIcmias mareMarnka. B 1932 r. Beimwio «HacraBnenue mno
a’poHaBuranmoHHou cuyxxk6e» (HAHC) — oaumH wu3 mnepBbIX OQUIIMATBHBIX
HOPMATHUBHBIX JOKYMEHTOB B 00JIACTHU a3POHABUTALIUH.

Puc. 1.1.2. IlenTpanbHasi a>pOHaBUTAIMOHHAS CTAHIMA Ha XOJbIHKE

B 1924 r. B.I'.HemunHOBBIM ObLIT H300pETEH MEPBHINA CUETHBIN IITYPMAHCKUN
WHCTPYMEHT — JIMHEMKa JUIs ydeTa TEMIIEpaTypHOM IOIpPaBKU IIPU ONPEIEICHUN
BBICOTHI, a yxke B 1927 r. mrypman JI.IIonoB CKOHCTpyHpOBaJI YHUBEPCAIBHYIO
CUETHYIO JIMHEWKY JUIsl PEHIEHUs OCHOBHBIX a’pOHABUTAllMOHHBIX 3a]a4, KOTOpas
MOCITYKUJIa OCHOBOW [IJI1 W HBIHE MCIIOJB3yEeMOM HaBUTalMOHHOW nuHerku HJI-
10M. B Tom ke roay b.B.CrepnuroB wnszoOpen BeTpOYET, KOTOPBIA MHOIO
JECATUIIETUI CyCTs «O0BEAMHWICS) C HABUTALIMOHHOM JTMHEHKON U MpPEeBpPaTUIICS
B KOMOMHHMPOBaHHBIA HaBUTAIMOHHBIN pacueTunk HPK-2.

KoHeuHO, Ha mepBBIX MOpax a’pOHABUTALMS OCHOBBIBAJIACh HA BHU3YAJIbHOU
OPUEHTHPOBKE, XOTS U C UCIIOJIb30BAHUEM IMPUMUTUBHBIX TPUOOPOB: MarHUTHOTO
KOMIIaca, BBICOTOMEpA, yKa3aTesst CKopocTH. Ho U3 MOpCKOW HaBUraluy NpHILIN
B BO3AYLIHYI0 METOABl ACTPOHOMHYECKHUX ONpEAeIeHUN. ACTPOHOMHUYECKUE
npubopsl TpuMeHsUTHCh eme Ha «Pycckom Butsze» u «Unpe Mypowmiiey,
omepenuB  3apyOexkHyro  aBwanuio. Jlng  oOpaboTKM  aCTPOHOMHMYECKHX
HaOJII0/IEHUH B MOJIETE UCTIOIb30BAINCH TaOJIULIbI, CTIEIUAIbHO COCTABJICHHBIE JJIS
storo KamutuaeiM. B 1924 r. JlroOuikuii mojman WAk COJHEYHOTO yKazaTess
Kkypca. B 1927 r. A.H.BoyioxoB BnepBbI€ OMPEAETNI MECTO CaMOJIETA ¢ TOMOILBIO
ACTPOHOMHMYECKHUX CPEACTB HABUTALUU.

B BocnomunaHusax o nepenere yepe3 CeepHslii nontoc A.B.bensikoB nucan:
«...CaMblil BAXHBIN TPUOOP HA HAILLIEM CaMOJIETE — COJTHEUHbBIN yKa3aTellb Kypcay.
JleficTBUTENBHO, JJIsl MOJSPHBIX PAaiOHOB, IJ€ MAarHUTHbIE KOMIIAchl pabOTaroT
HEYCTOWYMBO, OoJee Jiydiiero npudopa s omnpeaeieHus] HampaBiIeHUs MoJieTa
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TOrja He cyuiecTtBoBaio. A Beyratounmmiics mrypmadn WM.T.Cnupun B KHUTrE
«IToxopenue CeBepHOro nosirocay orMmevan: « EMIMHCTBEHHO TOYHOM U HEM3MEHHO
0€30TKa3HOM MBI CUMTAIM JIMIIb BO3AYUIHYIO acCTPOHOMHIO... TOJNBKO OHa
BbIpYy4aJla HAC B TPYJAHBIE MUHYTHI, BEJIAa U TOYHO IIPUBEIIA K HAMEYEHHOMN LETN.

Ho Oynymee, koHeyHO, OBLJIO HE 3a aCTPOHOMHUYECKHMMH, a 3a
paguoTexHudeckuMu Metojgamu  HaBuranmu. 31 (19) okTa6ps 1897 .
uzooperarens paano A.C.IlomoB mnepBbIM B MHUpPE MNPEUIOKUIT HNPUMEHSITh
paauonepenady A HaBUTALMOHHBIX Iened. Pazymeercs, Toraa peup moia o
MOpCKOM HaBurauumu. B cBoem ordyere 00 oOpraHm3zal pajuoCBs3M Ha
bantuiickom  ¢mnotre  A.C.IlomoB  mucam:  «lIpuMeHeHne  UCTOYHHUKA
AIIEKTPOMArHUTHBIX BOJIH Ha Maskax B J00aBJIEHHE K CBETOBOMY WJIH 3BYKOBOMY
CUTHAJIaM MOJKET CHeNaTh BUAUMBIMM MasKd B TyMaHe U B OYpHYIO MOTOAY:
npuOop, OOHAPYKHUBAIOMIMKA SJICKTPOMAarHUTHYIO BOJIHY 3BOHKOM, MOXET
OpeaynpeanuTh O OJIM30CTH Masika, a MPOMEXYTKH MEXAYy 3BOHKAMHU HaayT
BO3MOXKHOCTh ~ pa3iuuarth Maskd. HampaBinenue Masgka MOXET  OBITh
OpUOIU3UTENIBHO OIPENEIEHO, MOJIb3YSACh CBOMCTBOM MauT, CHacTed U T. II.
3a/1epKUBATh AIEKTPOMArHUTHYIO BOJIHY, TaK CKa3aTh, 3ATCHSTH €€».

B 3T0i1 KOpPOTKOM IUTATE 3aJ0KEHBI MJICH YTIIOMEPHOIO U JAIbHOMEPHOTO
CH0cO00B PaJMOHABUTALIMU, OMO3HAHUS PAJUOMASKOB I10 TO3BIBHBIM, KOTOpBIE
IMIMPOKO MPHUMEHSIOTCS B HACTOsIEee BpeMs. OTU HAEH HE OCTalIUCh Cyry0o
TeopeTndeckumMu. Yxe B 1904 r. B mepuoa pyccko-sIOHCKON BOMHBI B OJHOM U3
npuka3oB agmupana C.O.MakapoBa pa3bsaCHIIOCh, KAK ONPENEIATh HAIIPABJICHUE
Ha HENpPUATEIbCKOE CYAHO [0 HW3MEHEHHIO CHJIbl NPUHUMAEMOro CHUTHAJa,
MOBOPAYMBasl CBOE CY/JHO U 3aCIJIOHSSI PAHTOYTOM IIPUEMHBIN MPOBOJI (AHTEHHY ).

11 wosOps 1923 1. B Ilerporpame Obula co3mana lLleHTpanbHas
paauonabopaTopus, B  paMKax  KOTOPOM  TMO3K€  BO3HUK  Hay4HO-
UCCIIEIOBATENIbCKU WHCTUTYT, 3aHMMAaBIIWICS BONPOCAMH PpATUOCBI3U U
paauOHABHUT ALV,

B 1926-29 rr. Obliu BBIIaHBI aBTOPCKHE CBHUACTEILCTBA HA KOHCTPYKIIUIO
paguomasika, IpPEeANpPHUHSATH TEPBbIE MOMBITKA MPUMEHEHUS PaauOINEIECHIaTOPOB.
B 1929 r. B Jlenunrpange Obu1 cosnmaH pamuomasik «CtTpena», HamnpaBlIeHHE Ha
KOTOPBIN MHUJIOT MOT OMPEIEIUTh MO0 MUHUMYMY CIBIIIMMOCTH OykB. TOYHOCTH
onpeiesieHHs] HanpaBieHus Ha Masik coctaBiisuia 5°. K 1934 r. cetb paguomMasikoB
MOKpbIBaJIa o4TH BCro EBponerickyro yacte CCCP.

B 1932-33 rr. HUU cBs3u PKKA paspaboran mnepBblii CaMOJIETHBIN
pamounsbiii paguonenenratop AIIP-1 mna Tsokensix 6omOapaupoBmmkoB Th-1 u
Th-3, a H.A.KopOanckuii pazpaboTan TEpBBIM CAMOJETHBIM paguOKOMIIAC.
Teopuro paMOYHON aHTEHHBI, KOTOpas SIBISIETCS OCHOBOM JIFOOOTO paOKOMIIACa,
eme B 1920-21 rr. pazpadoran M.B.llyneiikun. B 1932 r. ¢ ucnons3oBannem
paanokommaca PK-1 Obplma BmepBble OCYIIECTBJICHA MOcagka MO MpuOopam Ha
camosiere Ilo-2, a 20 pmexabpst 1933 r. — mepBas mocagka Ha TSDHKEIIOM
oombapauposirke Th-1.
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B 1935 1. ma Th-3 ocymiecTBieH mepeneT B 3aliIOMOMPOBAHHON KaOWHE C
ucnosib3oBanueMm AIIP-1 u PK-1 B c10XHBIX METEOYCIOBUAX O MapuipyTy Eiick-
Mocksa ¢ nocaakoi mo PK-1 B Mockse.

B 1935-36 rr. Oomblide caMOJEThl TPa)KJAHCKOTO BO3AYIIHOTO (iioTa
obopynoBanuck paauonoiaykomnacamu PIIK-2, koTopble NpUMEHSIIUCH HE TOJIBKO
st BeiBojla BC Ha paaunoHaBUTAIMOHHYIO TOYKY, HO W I ONpEeNeTeHUs
Mecronosiokenusi BC 1o nuHUAM TOJNOXKEHUS, MJs 3axo/la Ha IOCAJKY.
N3naBanuch KapThl C HAHECEHHBIMU Ha HUX JIMHUSAMHU TOJOXKEHHUS OT
paIMOMasikKOB, a TaKXe WHCTPYKIMU 10 «IPOOWBAHHUIO OOJAYHOCTH» TIO
npudopam.

20-22 wronms 1936 r. Obl1 ocymiecTBieH mepeneT Ha camonete AHT-25
(B.Il.Ukanos, I'.®.baitnykoB, A.B.bemnsiko, puc. 1.3) mo mapmpyty MockBa —
Ceepnblil JlenoButsiii okean — Kamuatka — HukomaeBck-Ha-Amype — 0.Yan
MPOTSHKEHHOCTBhIO 9374 kM, nnuBmmiicss 56 yac. 20 MuH.

Puc. 1.3. A.B.benskos, I'.®.baiinykos, B.I1.Ukanos

18-20 uronst 1937 1. 3TOT e PKUTIAXK BBITIOJHUI T€POMICCKHUM TIepesIeT uepes
Cesepnbiit onmoc u3 Mocksbl B Bankysep (9130 kM 3a 63 yac. 16 mun).

12-14 wrona 1937 . M.M.I'pomoB, A.bB.FOmames, C.A./lanunun
BBITIOJTHWIIM TiepeneT o Mapuipyty Mocksa — CeBepHblil nontoc — Can-/[»kacuHTO
(CILIA) mpotspxerHocThio 11500 kM 3a 62 1 17MuH.

[Ipu nepenere uyepe3 mnomtoc wmrypmanbl A.B.benskoB u C.A.J{anunun
MOJIb30BAIUCH pauOMasKaMU, YCTAaHOBJICHHBIMU Ha Mbice JKenaHus U OCTpoBe
Pynonsga. Ux curaansl OHM IPUHUMANH U MIOCJIE MPOJIETa MOJIIoCa.

KopoTkoBOJTHOBBIE Ha3eMHBIE TEJIEHTaTOPbI, KOTOPhIE BHAYalle CUUTAIHNCH
MaJIONIEPCIIEKTUBHBIMUA CPEJICTBAMHU, TaKXKe JOKa3adu CBOIO A()PEKTUBHOCTS.
Panuonenenratop B Mypmancke nenenroBan AHT-25 u nocne nposnera nostoca,
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no ynanenus 2400 kM. B 1938-40 rr. Takumu meneHraropamu Obljia OCHAIIEHA
Tpacca MockBa—Anixaban (11ecTh MeJICHraTopoB).

B 1934 r. JLE.lltmiuiepman u M.M.BekciuH npenioxuiiv Uaeto Mmocaaku C
MOMOIIbIO PAaBHOCUTHAJIBHOM 30HBI B BEPTHKAJIBHOM IJIOCKOCTH, KOTOpas Oblia
peann3oBaHa B MEpBOM B cTpaHe cucteMe nocaaku «Houb-1», BkitouaBiieii B ceos
KYPCOTJIUCCAJHBIA M MAapKEpPHBbIM MasKHh. JTa CUCTEMa HMCIOJIb30BAJIACh YKE BO
BpeMsi (PUHCKON BOMHBI U MOCITYXHUJIa OCHOBOM i JNajdbHEHIIMX pa3pabOTOK B
ATOM HaIpPaBJICHUH.

B 1930 r. coserckue yuenole JL.M.Manpensmram u H./.Ilamanexcu
OpeUIOKIIA TepBblii  (a3oBbI  paauomampHOMep, u ¢ 1934 om cran
WCIIOJIB30BAThCSA IS TEOJNE3UH, TUApPOrpaduu, CYIOBOXKICHUA. TOYHOCTH
onpeneneHnss Mecra cyaHa cocrasisuia 150-300 M, a BoociencTBuu JOBEIEHA 10
50 M, onepeauB Ha HECKOJIBKO JIET AHTJIMUCKUE U aMEPUKAHCKUE aHAJIOTU. B rojbl
Benukoit OteuecTBEeHHON BOHBI paOOTHI MO HCHOJIB30BAHUIO TaKUX CPEJCTB B
aBUALUU OBLTU TIPOJOJIKEHBI.

B 1938 r. 3.M.PyOuuHCKHMI MOJXy4WJ aBTOPCKOE CBHUICTEIBCTBO Ha
HMMITYJIbCHYIO rUNepOOIMUECKYIO (pa3HOCTHO-ATBHOMEPHYIO)
pPaIMOHABUTALIMOHHYI0 CHUCTEMY Ha MATh JIET paHblIE aHriaukckon «Jxum» u
aMEepUKAHCKOU «Jlopam».

C 1930 r. yxe pa3pabaThlBAIUCh HA3eMHBIC PAJIUOJIOKAIIMOHHBIE CTAHIUH
(PJIC) nns oOHapyxeHusi U HaBeleHus camojetoB. B 1937-38 rr. onu Obuin
MOCTPOEHBI U 3aTEM HCIIOJIB30BAIUCH B MOCIEOBABIINX BOMHAX.

Haszemusle PJIC BO Bpemsi BOWMHBI MCHOJIB30BaInCh B OCHOBHOM B IIBO, a
HauuHas co CrajuHrpajckoi OUTBBEI — U BO (GpoHTOBOUM aBuaruu. OCOOEHHO
s pexTHBHO OHU MPOSABUIU ceOsi B bepiuHckoi onepaiuu.

B 193940 rr. Ospula co3maHa choyx0a 3eMHOro obOecredyeHus
camoseToBoxkaeHus: (30C), BenaBmias paMOTEXHUUYCCKUMH, CBETOTEXHUYSCKIUMHU
Y MIUPOTEXHUYECKUMH CPEICTBAMU HABUTAIUU.

B 1940 r. Ha cMmeHy MpeapIAyIIUM MOJENSM TMpUILIE]l aBTOMATUYECKHIA
pagnokommac  (APK). K wawanmy Benukoit  OtedyecTBEHHOW  BOMHBI
pPaJMOIOIYKOMITAChl HMMeEJIa TOJIbKO OOMOapIMpoBOYHAs U pa3BeIbIBaTENIbHAS
aBUalUs, I8 HUCTPEOUTENHHOW M IITYPMOBOM OHM TOJBKO Haudajdud CEPUNHO
BBIITYCKaThCA. [TocTenenHo YBEIIMYUBAIIOCH KOJINYECTBO Ha3€MHBIX
paguorexHudyeckux cpeacts. K 1943 r. moytu Bce COCIMHEHUS] UMENTN HA3E€MHbBIC
pauoneIeHraTOpbl WM MPUBOIHBIE paguocTaHiuu. ctpedurenu npeanounTaim
Ha3eMHBbIC MIEJICHTaTOPHI, HITYPMOBUKH u OOMOapIUPOBIIUKU —
paguonoyiykomnac. @poHTOBasi aBUAIIUsI UCIIOIb30BaJIa PAIMOKOMIIAC B OCHOBHOM
JIJISL BBIXOJ1a HA TIPUBO/I.

B 1946 r. 6611 coznan HUN-33, peopranuzoBaHubiii B 1967 r. B U3BECTHBIN
Bcecoto3Hblii  Hay4yHO-UCCIENOBATEIbCKUA ~ HMHCTUTYT  pajguoaniaparypbl
(BHUUPA). Ha cdery sTOor0 MHCTHTYyTa OOJBIIOE KOJIUYECTBO Pa3pabOTaHHBIX
CUCTEM I0CaJIK1, HABUTAllMU, YIPABICHUS BO3AYIIHbIM JABWKEeHHEM. B 50-€ roaml
OblJJa cO37aHAa W BHEAPEHAa B CEPUITHOE MPOM3BOJCTBO IMeEpBas OTCUYECTBEHHAsS
cuctemMa mnocagku wmerpoBoro amanazoHa CII-50 («Matepuk»), TriIaBHbBIN
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KoHCTpykTOp WM.M.BekcinuH. 3anymaHHas BHayajle KaK aHAJIOr aMEPUKaHCKON
cucteMbl SCS-51, oHa He TOJIBKO MPEB3OIILIA €€ 10 CBOUM XapaKTEPUCTUKAM, HO U
BOOpana B ceOsl MPUHIIMINAILHO HOBBIE TEXHUYECKHE pelleHUs (HampaBieHHas
aHTEHHa KypcoBOro masika, (a3oBblii MeTon mnoctpoeHus cuctemsl). CII-50
ABUJACh  POJOHAYAIBHUKOM  LIEJIOTO0  ITOKOJEHHS  IOCAaJOYHBIX  CHUCTEM,
ucnosib3yeMbix u mnonbeiHe: CII-68, CII-70, CII-75, CII-80 u T.n1. B kaudectBe
O0pTOBOTO O0OPYAOBAHUS ITHX CUCTEM HAa MPOTSHKEHUM JECATUIICTUN BBIMYIIEHO
3HAYUTEIBPHOE KOJMYECTBO KOMIUIEKTOB 000pynoBanua tuna «Kypc-MII-1»,
«Kype-MII-2», «Ocb-1», «Kypc-MII-70».

BHUUPA pa3pabaTsiBan U MHUPOKO HCTIOIb3yEMbIE TTOCAJOUYHBIE U 0030pHBIC
PaZMOIOKATOPbI, MAPKEPHBIE MAsSIKU U IPUEMHHUKHU.

BaxHBIM BKJIQOM B pPa3BUTHE OTEYECTBEHHOM paJUOHABUTALIMH SBHJIOCH
cozganne B BHUMPA B 1953-58 rr. pagMOTEeXHUYECKOH CHUCTEMBI OJMKHEN
HaBuraimu (PCBH) B cocraBe a3umyTanbHO-AAJIbBHOMEPHOIO paauoMasika u
OooproBoro obopynoBaHuss K Hemy (rnaBHbIi koHcTpykTOp ['.A.Ilaxonkos).
Hcronb30BaHUE OPUTMHAIBHBIX TEXHUYECKHX PEIICHUM IO3BOJIMIIO CO31aTh
cucteMy OoJiee COBEpIIECHHYI0 U TOYHYI0, ueM 3apyOexHbiii anamor TACAN.
CoTHM pagrOMasikOB Ha TEPPUTOPUU CTPaHbI 0OECHEUUBAIIA TOUHYIO HAaBUTALIMIO
BC Ha Tpaccax W B pailOHax a3pOJpPOMOB, IIO3BOJIUIM BBINOJHATH 33aXO0J Ha
IIOCAJIKy C HCIIOJB30BAHUEM JCIUMETPOBOM cucTembl «Karter», BXomsdmend B
coctaB PCBbH. Jlo mosiBiieHHMs CIIyTHHKOBBIX HaBUranuoHHbIX cucreM PCBH
OCTaBaJICS CaMbIM TOYHBIM CPEACTBOM OIPEACICHHUS] MECTOIONOXKEHUA. B
OOpTOBOM OOOpPYJOBaHUU CHCTEMbI OBUIM 3aJI0)KEHBI TAKUE METObl HaBUTALUU
(pexxum «CPIl»), KoTOpbIE TUIIL JECATUIETHS CIIYCTS CTAJM MCHOJB30BAaThCs 3a
pyOeX)oM U MOJYYUIM HAa3BaHHWE METOAOB 30HAJIIbHOM HABUTAIUU.

B 50-e rogpt Ha BC navanu ycranaBiauBath OoproBblie PJIC  kpyroBoro
o03opa «Pyouny, «Jlomus» (ona xe PO3-1) u apyrue. [ecstunerne CIycTs
nonyunan BHeApenue OoproBele PJIC cekTopnoro o63opa PIICH-2 u PIICH-3,
KOTOpPbIE MOIJIM HCIIOJIb30BaTbCA HE TOJBKO Ui HaBUTAlMM, HO W UL
HAOJIOICHUST METE00OCTaHOBKH, B YACTHOCTH, NJiIi OOHApYKEHUS 30H TPO30BOI
nesitenbHOCTH. B 70-¢ Toap1 Havanu noctynats 6opToBsie PJIC HOBOro mokosieHus
tuna «I'po3za». Ux pasnuuynble Moau(UKAMKM YCTAaHABIMUBAIUCH U MPOJOJIKAIOT
yCTaHaBIMBaTbcAd Ha MHorue Ttursl BC.

[louctuHe  peBONIOUMOHHBIM  COOBITUEM  CTAJI0  HWCIOJb30BAaHUE B
a’pOHABUTAIIMU CITYTHUKOBBIX HAaBUTAlIMOHHBIX cucTeM. Eme no 3anmycka B CCCP
NEepBOr0 B MHUPE MCKYCCTBEHHOro cnyTHuka 3emun (4 okts0ops 1957 r.)
MPOBOJMINCH HAYYHBIE MCCIIEJOBAHUS MO MPUMEHEHHUIO CIIYTHUKOB B HaBUTAI[UU.
B cepemune 60-Xx T0JOB TMOYTH OJHOBPEMEHHO OBUIM  CO3/IaHBI  JBE
HU3KOOpOUTAIbHBIC cryTHUKOBBIE cucteMbl: B CIIIA — «Transity», B CCCP —
«Hukana». Ho 6ynymee Obl1o 3a BbICOKOOpOUTaNIbHBIME cuctemamu. K 1995 r. B
Poccun Obuto 3aBepimieHo pasBepThiBaHue cmyTHHUKoOBOU cuctembl [JIOHACC.
OTOT ke TroJ MOXHO CUHTATh 3aBEpLIAIOLNIMM B PAa3BEPThIBAHUM aMEPUKAHCKOM
CyTHUKOBOM cuctemsl “ Navstar GPS”.
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C 80-x rogoB B aBMALMIO MIMPOKO IIArHYJIM KOMIBIOTEPHBIE TEXHOJIOTHUHU.
DTO NpUBEJO K CO3/IaHUI0 OOPTOBBIX M HA3€MHBIX aBTOMATHU3UPOBAHHBIX CHUCTEM,
YIOPABJISIEMBIX KOMIIBIOTEPAMHU, AJIEKTPOHHBIX CUCTEM OTOOpaXKeHUs HHPOPMALIUH.
Ho aToT 3Tan pa3BuTHsl a’dpoOHABUTallUU YkKe OJIU30K K COBPEMEHHOMY, MO3TOMY
He OyJeT OTpakeH B JJaHHOM HCTOPUYECKOM ouepke. Beab ocTanbHbIE TiIaBbl
y4eOHOro MOCcoOus KaK pa3 U MOCBSIIECHBI IPUMEHEHUIO HABUTAIIMOHHBIX CPEJICTB,
HaxXOJSIINXCS B SKCIUTYaTallMi B HACTOSILEE BPEMSI.

OnHako TJIAaBHBIM BCErja SBISETCS HE TEXHUKA, a 4eloBeK. CIOXKHYIO
HAaBUTAIIMOHHYI0 TEXHUKY MOTYT MPUMEHATH TOJBKO XOPOIIO 0Opa3oBaHHbIC
moau. J{ns mOAroTOBKM BBICOKOKBAaTU(MUMPOBAHHBIX KaapoB eme B 1938 r. B
Boenno-Bo3aymHoii akanemun umenu npod. H.E.Kykockoro opranuzoBan
HITYpMaHCKH  (akynprer, KOTOphli 3arem B 1940 r. BblOenwiICcS B
CaMOCTOATENIbHYIO0 aKaJeMHu0 U BrocieAcTBuu nonyursn ums FO.A.T'arapuna.
Cpenn HecKONbKHX (PaKyJIbTETOB 3TOM HOBOM akaJeMUU ObUI, KOHEYHO, H
MTYpMaHCKUM (akynbTeT. Bo3rimaBui ero BbIJAIOMIMNACA MITypMaH  JOKTOP
reorpaduueckux Hayk I'epoit Coperckoro Coroza U.T.Cnupun. Bnocnencreuu
Ha TPOTSHKEHWHM MHOTHX JIET HadalbHUKOM (hakyiapTeTa ObUI MPOCIIaBICHHBIN
YYaCTHUK CBepxAanbHux nepenetoB A.B.bemskoB. Ha sToM mTypmaHCcKOM
dakynapTeTe HapsAAy C JApyruMu ObUTH Kadeapbl IITYpMAaHCKOHW ammapaTryphl,
paJOHABUTAIIMM U CBSI3U, a Takke Kadeapa adpoHaBUranuu (MEpBbli HAYaTIbHUK
— b.I''Par). B Boenno-Bo3aymiHo# akageMun paboTail MHOTUE 3aMedaTesbHbIC
YY€HBIE U MPENOJaBaTeNid, BHECIINE OOJBIION BKJIAJ B TEOPHUIO adPOHABUTAIIUU U
HamucaBlIMe y4YCOHUKM, BOIIEAIIME B 30JI0TOM (OHJ  OTEYECTBEHHOM
ABUAITMOHHOMN HAYKHU.

Eme B 1939 r. Beiu yueOHuku no asponasurauuu H.®D.Kyapssuesa u mno
Bo3aymHOM actpoHomuu P.B.Kynunkoro (o0a — mpenoaaBarenu akaaemuu). B
1946-47 r. r. b.I'.Patny 1 H.K. KprBoHOCOB OImyOmKkoBaim 4eThIpeXTOMHBIN Kypc
CaMOJIETOBOXKJICHHUSI, OXBATHIBAIOIINIM aBUAIIMOHHYIO KapTorpaduio, KOMIIACHYIO
paauOHABUIalIMIO, ABUAIIMOHHYI0 aCTPOHOMMIO. B 3TOH KHHIe Hayaaud MIUPOKO
WCIIOJIB30BaTbCsl BEPOSITHOCTHBIE METOABl OLUEHKA TOYHOCTH HAaBUTALMOHHBIX
OTIPEJICIICHUM.

B 50-¢ ronpl mon penmakuumeidr A.B. benskoBa mpernogaBatensiMu BoeHHO-
Bo3aylHOM akanemuu I'.d.MonokanoBeiM, B.1. Kononenko, H.C.CopokoBrukomM
u B.A.OIvHIIOBBIM H3/]JaH MHOTOTOMHBIA Yy4e€OHMK, Takke Ha3BaHHbIA Kypc
caMoJIeTOBOXIeHUs. OH CTajn OCHOBOM 11 MHOTHX IIOCIEIOBAaBIIMX 332 HUM
y4eOHUKOB, B TOM 4HCJIE sl TpaxkaaHCckoW aBuanuu. Cpead MHOTHUX KHMT,
W3aHHBIX B AaKaJleMUHd B TMOCIEAYIOUIME TOJbl, HEOOXOJUMO OTMETHUTH
MoHorpadguio «TOYHOCTH M HAJEKHOCTh HABUTALIMM JICTATEIbHBIX allapaToB)
npodeccopa [.d.MonokaHoBa, CTaBIIyl0 KJIACCUKOM B 3TOH  oOjactu
a’pOHABUTAIUU.

[TogroroBka HaBUTAIIMOHHBIX CIEIUATUCTOB JUIsI TPaKJAHCKOW aBHUALIMU
Hepa3pbiBHO cBsizaHa ¢ Jlenunrpamom-IletepOyprom. Eme B moBOeHHBIE TOIBI B
HNHcTUTyTE WHXKEHEPOB TPaKIaHCKOTO BO3AYIITHOTO (PJIOTA TOTOBHIIM WHKEHEPOB-
a’poHaBuratopoB. B 1955 r. Obuio oOpa3zoBaHo Briciiee aBHaIlMOHHOE YUWITUIIE
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rpaxnaanckor asuanuu (BAY I'B®, zatrem BAY T'A). B 1966 um BniepBeie ObLI
OCYUIECTBJIEH BBINYCK IITYPMAHOB C BBICHIUM OOpa3OBaHHEM MHJi TPa)KIaHCKOU
asuaruu. B 1971 r. BAY T'A Obu10 peopranuzoBaHo B AKaJeMHIO IpakJIaHCKOU
aBuanuu, a B 2005 r. Axkamemus nonyumna crtaryc: Cankr-IlerepOyprekuit
rocyapcTBeHHbI yHUBepcUTeT rpaxkaaHckor aBuauuu (CII6 T'YT'A). C 1968 r
3TO y4eOHOEe 3aBeJlcHUE TOTOBUT CIELUATUCTOB-IITYPMAHOB M3 YHUCJA JIUI[ CO
cpenHuM oOpa3zoBaHMeM. 3aTeM ObUla OpraHM30BaHa MOATOTOBKA JUCIETYEPOB,
MUJIOTOB, WHKEHEPOB MO a3POHABUTAIMOHHOMY OOECIEYCHHIO TTOJIETOB U JIPYTUX
cneinanuctoB. CII6 T'Y['A  saBnsercs BegyuMm Y4eOHBIM UM Hay4HBIM
YApeXKIACHUEM OTpaciu B 00JacTH a’pOHABUTAIIMM W a’POHABHTAIIMOHHOTO
obecrieuenus mosietoB. Kadenpa a’ponaBuraiuu (mepBOHAYAIBHO — BO3TYIIHON
HaBHTAIMK) ObTa oOpa3oBaHa B 1964 r., BBIOEIMBIINCH W3 Kadeapsl JETHOU
JKCIUTyaTallM¥, KOTOPYIO BO3TJIABJISI MEpBbIM HadanbHUK BAY ['A ['naBHbIii
Mapman aBuanuu ABaxabl ['epoir Coerckoro Coroza A.A.HoBukos. IlepBbiM
HavyalbHUKOM Kadeapsl a’ponaBuranuu 0su1 H.C.CopokoBUK, a B MOCIEAYIONINE
o6l ee BO3IJIABJISIIN B.H.I'anp1uH, N.I".XuBpuy, A.M.AHuKuUH,
FO.H.Capaiickuii. YueOuuku u Hayuynbsie Tpyasl [.Il.AcradreBa, 1.I'.XuBpuua,
H.®.Muponosa, I1.B.Onsinioka, A.M.benkuna, I'.A.Yepnsimena, B.N.Ocaxaiiero
W MHOTHX JpYruX MpernojaBaTeneil kadeapbl Ha MNPOTIKEHUU MHOTHX JIET
00eCIeynBalOT BRICOKHI YPOBEHB MOJITOTOBKU HABUTAIIMOHHBIX CIIEIIUATHCTOB.
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2. OCHOBHBIE HABUT'ATMOHHBIE ITOHATUA

2.1. OcCHOBHBIC JUHHUHN U TOYKH

BC mpencraBiasier coboil  Temo C  ONpEAeNIEHHBIMH, IOpPOM BeChbMa
BHYILIUTENbHBIMY, pa3MepaMu. [Ipu pemiennu O0JabpIIMHCTBA 3a/1a4 a3pOHABUTALUU
€ro paccMaTpHUBarOT KaK TOYKY, B Ka4eCTBE KOTOPOH OepyT, Kak MpaBUIIO, LIEHTP
macc BC. BC aBukercs u 3Ta TOYKa MEPEMENIAETCs B IPOCTpaHCTBE. B cBs3u ¢
THM MOYKHO BBECTH HECKOJIBKO TMPOCTHIX, HO BAYKHBIX MOHITUH (pHcC. 2.1).

rNnvc

3anaHHas TpaeKTopud

2§

Puc.2.1. TpaekTopus 1 JTUHUS TyTU

Ilpocmpancmeennoe mecmo camonema ([IMC) — To4yka B MPOCTPAHCTBE, B
KOTOPOW B JaHHBII1 MOMEHT BpeMEeHU HaxoauTtcs neHTp macc BC.

Mecmo camonema (MC) — npoexuust [IMC Ha 3eMHYIO0 IOBEPXHOCTb.

Tpaexmopus — nunus, onucbiBaeMast [IMC npu ero 1BMKEHUMU.

Jlunusi nymu — nuuus, onucbiBaeMass MC mpu ero JIBMXKEHUU (TIPOCKIIMS
TPACKTOPUU HA 3EMHYIO TTOBEPXHOCTH).

Heo6xonumo otmeTtuth, yto B TepmuHax MC u [IMC noa «camoneTomy
nonumaetcs arooe BC, B ToM yucie u BepToJIeT.

Ha aHrnuiickom s3bIK€ HCHOJIB3YETCS CIEAYIOAas TEPMHUHOJOTHS: MECTO
camostera — present position, tpaekropust — path, muxus mytu — track.

OO6parute BHUMaHue, 4To Tpaektopus u [IMC B o6miem cirydae HaXoJsATCA B
MPOCTPAHCTBE (B BO3Ayxe), a iuHUs myTd 1 MC — Bcera Ha 3eMHOM MOBEPXHOCTH.
31ech 101 3€MHOM TMTOBEPXHOCTHIO TTIOHUMAETCS HE PeabHBIN (PU3HUECKHIN perbed
CO BCEMHM €ro HEPOBHOCTSIMH, a YCPEJAHEHHas 3€MHasi MOBEPXHOCTb, O KOTOPOil
peub OyAeT uaTu ganee.
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TpaekTopuss ¥ JAUHUS MYTH MOTYT OBITh 3a0aHHbiMu (IO KOTOPBIM HAIO
JeTeTh) U pakmuueckumu (110 KOTOPHIM HA CAMOM JIeJIe JIETUT CaMOJIET).

Jlunua 3aoannoco nymu (JI3[I) - 3TO IWHUA, TO KOTOPOU 00HCHO
nepemeniatbcsi MC B COOTBETCTBUM C IUTAHOM MOJIETA, & JUHUA HAKMUUecKo2o
nymu (JI®II) — 1o KOTOPOIl OHO TIEpeMeIIaeTCsl Ha CaMOM Jieie B JJaHHOM TOJIETE.
CootBerctBenno Ha anrauiickoMm s3bike JI3IT - desired track, JIDIT - actual track.

K coxanennto, JI®II Hukorma touyHo He coBmazaet c¢ JI3II BciaencTBue
MHOTUX Tpu4rH. OCHOBHBIE U3 HUX — MOTPENTHOCTH HABUTAIIMOHHBIX M3MEPEHUMN
U BIIMSIHUE BHEIIHEW cpenbl (BeTpa). Ho ocHOBHas 3ajava mitypmMaHa v MUjIoTa —
obecnieunTh MakcuMmanbHyo Onmuzocts JIDII u JI3II, mponererp Kak MOKHO
TOYHEE.

M3-3a HETOYHOTO W3MEPEHUS W BBIICPKUBAHUSA BBICOTHI (haKTHUECKas
TPAEKTOPHSI TAKKE HE COBMA/IAET C 3aJIaHHOM.

Ho B TpaekTopuu, BooOIIe TOBOPsI, COACPIKUTCS AJIEKO HE BCsl HHMOpMAITUs
O JABWXKEHHUH. JIEMCTBUTENIBHO, €CIIM TPACKTOpUM JBMKEHUs JByX BC
nepeceKaroTcs, 3TO emie He 3HauuT, 4To0 BC CTONKHYTCS: MOXET ObITh, OHHU
MPOJIETENIH TOUKY NIEPECECUEHHUSI B pa3HbIE MOMEHTBI BPEMEHU.

B cnydae, xorga aisl KaXJa0il TOYKA TPAEKTOPUU 33J]aHO, B KAKOM MOMEHT €€
noJbKHO mposieteTh BC, TOBOpAT 0 3a0anHOU NpoCMpaHCmMEeHHO-8PeMeHHOU
mpaexmopuu nonema (3[IBT), a HaBUTanui0o B OJTOM CJlydyae Ha3bIBAIOT
YEThIPEXMEPHOU HaBUTAIIMEH, MPUHUMAs, YTO YETBEPTask KOOPAUHATA — BPEMSI.

B rpaxnanckoit aBunauuu 31IBT ycranaBnuBaercs He yacto. Kak npasuiio, He
BO3HHMKAET HEOOXOAUMOCTU TpeboBaTh, 4ToObl BC mposerano kakue-i1mdo MyHKThI
MMEHHO B 33J]JaHHO€, Ha3HaueHHOe BpeMs. Hao0opoT, 0OBIUHO IKUIIAXK, UCXO U3
(aKTHYEeCKOW CKOpPOCTH TMOJI€Ta, PACCUMTBIBAET M IMEpPEeAaeT AUCIETYEpPY
pacuemuoe 6pems BIEPEIU JIeKAUUX IyHKTOB, a JIUCIETYEP YUHUTHIBAET 3Ty
uH(MOpPMAITUIO TIPU YIPABJICHUH BO3AYIIHBIM ABMXKeHUEM. OJIHako B pailoHax
a’poJIpOMOB  C BBICOKOW HWHTEHCHUBHOCTHIO IIOJIETOB JHCHETYEPY MOPOM
MPUXOJIUTCS HA3HAYaTh SKUIMAXY TOYHOE BPEMS BbIXOJA B IMYHKT, C KOTOPOTO
HayMHaeTcsl 3axoj] Ha mnocaaky. HecBOeBpeMEHHBIN BBIXOJI HAa 3TOT MYHKT,
HEIOIaJlaHhe B BBIICJIICHHOE ISl MOCAJKM BPEMEHHOE «OKHO», MPUBEAET K
HanpaBiennto BC B 30Hy oxunanus. [lo Mepe MOBBIIEHUS WHTEHCHUBHOCTH
JBIDKEHUS U TPeOOBaHUI K TOYHOCTU a’pOHABUTAIIMU YEThIpEXMEpHasi HaBUTAIUs
MOJIYYUT BCE OOJbIIIEE pACIPOCTPAHEHUE.

2.2. durypa 3emiu u reorpauueckasi cucTeMa KOOpPIAMHAT

Jlnst onpenenenust mectonoioxkenus BC u Ipyrux mMyHKTOB HY)KHA CHCTEMa
KOOpPJIMHAT Ha 36MHOM MOBEPXHOCTH. CBOMCTBA CHUCTEMBI KOOPAMHAT 3aBUCAT OT
(dbopMBI TTOBEPXHOCTH, HA KOTOPOH OHA 3amaHa. [103ToMy HEOOXOIUMO BBISICHHUTH,
Kakyio popmy nMeeT 3emiisl Kak TUIaHeTa.

JIroboe Teno wumeer ¢opmy, wumeer ee u 3emusd. [loBepXHOCTSH,
orpaHUYMBarIomias 3eMJil0 Kak (U3UYECKOe Teno, Ha3bIBaeTCs @usuueckou
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nosepxnocmoio 3emau. Pa3ymeercs, 3Ta TOBEPXHOCTb HOCUT CIOXHBIN
HEpEryJSIpHbIA XapakTep, OOYCJIOBJICHHBIM HEPOBHOCTSMU penbeda: ropamu,
paBHUHAMM, BraguHaMmu. JIr0O0H 4eIoBeK MOKET HEMHOTO U3MEHUTh (PU3NYECKYIO
MOBEPXHOCTh 3€MJIM, Hampumep, BhIKOMaB sMy. OYeBUIHO, YTO HA TaKOM
MOBEPXHOCTH BBECTH KaKyIO-TMOO TMpUEMIIEMYIO0 JUIsl TPAKTUKA CHUCTEMY
KOOpJIMHAT HEBO3MOXHO. HeoO0XxoaumMo 53Ty MOBEPXHOCTh KaKUM-TO 00pa3oM
«craaauTb». JJis 3TOro UCnoib3yeTcs MOHATHE YPOBEHHOU MTOBEPXHOCTH.

Vpoeennas noeepxnocms — 3TO TIOBEPXHOCTh, BO BCEX TOYKax
NEPIICHIUKYIIAPHAs HAIIPaBJICHUIO CHIIBI TSHXKECTH (OTBECHOM JTMHUM). Y POBEHHBIX
MOBEpXHOCTEH OECKOHEYHO MHOIO, OHM MPOXOJAT Ha pa3HbIX BBICOTaX, HE
nepeceKaroTcess Mexay coOOl M MpaKTUYECKH MapaiienbHbl. PazymMHO BeIOpaTh B
Ka4yecTBE CTIaXeHHOH ¢urypsl 3emiu (GopMy TOW U3 YPOBEHHBIX MOBEPXHOCTEH,
KOTOpasi COBMAJaeT ¢ (PU3UUECKON MOBEPXHOCTHIO B MOPSIX M OKEaHax, rie HET
HepoBHOCTel penbeda. Takas purypa monyuyusia Ha3BaHue reouja (puc.2.2).

Teouo(geoid) — omo ¢ueypa, obpazosannas yposeHHOU NOBEPXHOCIbIO,
cognaoarowell 8 MOpsAx U OKeawax c ux cpeoHeu nosepxnocmovio. B paitoHax
MaTEPUKOB MOBEPXHOCTh T'€OUAA MPOXOAUT IOJ YPOBHEM peibeda MECTHOCTHU, U
ONpENEIUTh €€ TOYHOE IIOJIOKEHHE HEBO3MOXHO. IlosToMy BMecTo Hee
UCIOJIB3YIOT MTOBEPXHOCTDh K8a3uceoudd, KOTopas COBIAJAET C T€OUIOM B MOPSX U
OuYeHb OJIM3Ka K HEMY Ha Cyllle. Ty MOBEPXHOCTh U HA3BIBAIOT CPEOHUM YPOBHEM
mopsi (Mean Sea Level, MSL), oT KOTOpOTO OTCYMTBIBAIOT BBICOTY pelibeda U
npyrue BeicOThl. B Poccum 3a Hawamo ypoBHSI OTCUeTa BBICOT MPHUHATO HYJIEBOE
neneHve QytiiToka (MEpHOM JUHEWKH), ycTaHOBIEHHONW B OOBOJHOM KaHajle B
Kponmraare.

[ToBepxHOCTM Teouga W KBA3WUTEOUAA XOTS M SBISIOTCSA TJIAIKAMHU IO
CpPaBHEHHIO C (U3NYECKOW TOBEPXHOCTHIO 3€MJId, HO BCE K€ HMEIOT
HENpaBWIbHYIO (opMy. OTO BbI3BAHO HEPAaBHOMEPHBIM  PACIOJIOKEHUEM
I'PaBUTALIMOHHBIX MAacc B Tejie 3eMJIU, BCIEACTBUE YEro MPOUCXOAUT OTKIOHEHUE
OTBECHbIX JIMHUHU. [lo3TOMYy Ha reoupe HEBO3MOXKHO 3aJaTh YJIOOHYIO CHCTEMY
KOOpJIMHAT (CETKYy MEPHJMAHOB U TMapajuiesiel) W 3HAYUT peliarh 3a/ayw,
CBSI3aHHBIE C PACUE€TOM PACCTOSHUMN U HAIIPaBJICHUN HA TTOBEPXHOCTH 3EMIIH.

Teousl (KBa3UIeo i)

= pAncond
= 7 <
v

Puc.2.2. I'eoun u siuariconq
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JIs  TOYHOTO  pelIeHWs] HaBHTAIMOHHBIX  3amad  Qurypy  3emi
amnmpoOKCUMUPYIOT suunconaoM Bparnenus (ellipsoid).

Dumire — 3TO TUIoCKas Qurypa, KOTopas OTHOCHUTCS K KPUBBIM BTOPOTO
nopsiaka (puc.2.3). Umeer Gonpmyro @  u Manyro b momyocu. OCHOBHOE
CBOMCTBO JJUIMIICA — CyMMa PACCTOSHHA OT JIFOOOW TOYKM dJUIMIICA JO JBYX
dbuxkcupoBaHHbIX TOueKk F; m F,, Ha3piBaembIXx (okycamu, ecThb BeIUUYMHA
MOCTOSIHHAS. DJUTHIIC — 3TO CKaTas OKPY>KHOCTh WIIM OKPY>KHOCTh, HA KOTOPYIO
«CMOTPAT» HE MEPICHINKYISIPHO €€ TJIOCKOCTH.

CreneHb CKAaTHS 3JUIAIICA MOXKET OBITh BBIpaKCHA BEIMYMHOHN 0, KOTOpas W
Ha3pIBaeTCsS CxkarmeMm (compression rati0), wWiIMm  3KCICHTPUCUTETOM €.
DKCIIEHTPUCHUTET — OTHOIICHHWE PACCTOSHHS OT IIEHTpa djumrca a0 ¢Gokyca K
JUTUHE OOJIBIIION MOTYOCH.

B npenenbHBIX ciydasx, korna € =0, 3JUIMIIC MPEeBPaIaeTCsl B OKPYKHOCTD,
akorga € =1, OH «CIUTIOIMBAETCS» B MPSAMYIO JIMHUIO.

Ecnu snnumc Bpamarhk BOKPYT €ro MaJloi OCH, MOJYYHTCS 00BEMHOE TEI0 —
syuHIicon 1 BpamieHus. Koneuno, ero mapamerpsl 8, b o u e OyayT Takue e, Kak
y JJUIATICA.

P
a b
ae |0 | ¢
F, F,
ce’
ce
n//
, a o P

Puc. 2.3. Dnnuric u ero nmapameTpbl

Kaxxgoe rocymapcTBo cTapaercsi BbIOpaTh TakKHMe MapaMeTphl DILIUIICOUIA M
TaK €ro pa3MeCTUTh B TeJ¢ 3EMIIM, YTOOBI €ro MOBEPXHOCTh KAaK MOKHO OJIMIKE
MOIXOMIa K IMOBEPXHOCTH I€OMa Ha TEPPUTOPHMH JaHHOTO rocymapcTBa (Ipu
9TOM B JIPYTHX YacTAX 3eMJIM OTKJIOHEHHS MOTYT ObITh OoJbimuMu). I[TosTomy
CYIIECTBYET MHOTO peghepeny->1auncoudos, MpUHATEIX B Pa3HBIX CTpaHax H B
pasublie roabl. B Poccun Ha MPOTSHKEHMHM MHOTHMX JIET UCIOIB3YETCS JLIUNCOUO
®.H.Kpacoscrkoeo (a = 6378,245 km, b =6356,86301877 xm).
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Ha osmouncoune 3amaercs cuctemMa eeoodesuyeckux koopounam (CeTka
MEPHUIMAaHOB U TapajuieNieil), W KOOPAWHATHI JIOOOW TOYKH OIpPENesIoTCs
r'e0JIe3NYECKUMHU KOOpAMHATaMU . IMpoToi B u nonroroit L (puc.2.4).

T'eode3uueckas wupoma B — smo y2on, 3aKmoueHHblll Me#cOy NA0CKOCMbIO
9K8AMOPA U HOPMATILIO K NOBEPXHOCIU JILIUNCOUOA 8 OAHHOU MOUKe.

l'eooezuueckas Ooneoma — O08YCPAHHLIU V2O, 3AKIIOYEHHLIU MeHCOY
NIOCKOCMAMU HAYANbHO20 MEPUOUAHA U MEPUOUAHA OAHHOU MOYKU.

[Mockonbky koopmuHatel (mmpoThl W moiroTel, latitudes and longitudes)
3aJJal0TCSl Ha MOBEPXHOCTH pedepeHIl- JUIUIICONIA, OJHA U Ta K€ TOUKa Ha 3emiie
OyZeT UMeTh pa3Hble KOOPAMHATHI B pa3HBIX CTpaHax. M HA000pOT, OHU U TE Ke
YHUCIICHHbIC 3HaYeHUs B m L OyayT coOoTBETCTBOBATH pa3HBIM TOYKAM Ha KapTax
pPa3HBIX CTpaH. DTO CO3MAET CIIOKHOCTH ISl MEXKIyHApOIHOW a’pOHABUTAIIUH,
nodtoMy UKAO mnpunsuio pemenwe ¢ 1 saBaps 1998 r. myOmmkoBaTh B
JOKYMEHTaX a’pOHABUTAIIMOHHOW WH(GOPMAIMKU KOOPAWHATHI MTyHKTOB B €IMHOMN
JUI BCEro MHUpa cucteMe KoopauHar, HasbiBaemoii WGS-84 (World Geodetic

System).
AZ

<Y

Ps

Puc. 2.4. I'eone3nyeckne KOOPIUHATHI

Eciin o4yeHb BBICOKAs TOYHOCTh PCIICHUS HABHTAIMOHHBIX 3a7a4 He
TpeOyeTcsi, TO 3eMJII0 MOXXHO paccMaTpuBaTh Kak cdepy. B stom ciyuae
UCTIONB3YETCSI HOPMAIbHASL cheputeckas cucmema KOOpOuHam, TOIIOCH KOTOPOU
COBMAJAIOT C reorpaMuecKMMH IOJIOCAaMU HaIlleH IJIaHEeThI, T.C. TOYKAMH, B
KOTOPBIX OCh BpaIeHHS 3eMIIM TIepeceKaeT e MOBEpXHOCTh. CrcTeMa KOOpAHHAT
Ha chepe CTPOUTCS C TOMOIIBIO0 OOJIBIIIUX KPYTOB.

bonvwum  kpyeom  (Great Circle, G/C) wHasbsiBaeTCs OKpYKHOCTD,
oOpa3yrommasics B pe3yibTaTe CeUeHUs cepbl TUIOCKOCTHIO, TMPOXOASIICH depes
IIEHTp c(ephl.
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Pagnyc Oosbmioro kpyra paBeH paauycy camoi chepsl. OH Ha3bIBaeTcs
OOJIBIIMM, ITOCKOJIBKY Ha chepe Hellb3s HAPUCOBATh OKPYIKHOCTh C PAIUYCOM CIIIe
OonpM. Bee pyrue kpyru Ha cdepe Ha3bIBalOTCSl MAJIBIMHU.

Okeamop  (equator) —  OOJIBIIOH  KPYyr, IUIOCKOCTH  KOTOPOTO
HepreHINKYJIIpHa OCH BpateHust 3emiu (puc. 2.5).

PN

Mapanens

JKBaATOP

Ps
Puc. 2.5. Ceprueckre KoopauHATHI

Mepuouan(meridian) — 60ybIION KPYT, IIOCKOCTh KOTOPOTO MPOXOTUT Yepes3
OCh BpAIlICHUS 3€MJIH.

Iapannens(parallel) — manbrii kpyr, MWIOCKOCTH KOTOPOTO TEPIICHAUKYIISIPHA
OCH BpalleHus (mapaienbHa SKBaTopy).

OkBaTop Ha 3emJiie OJIMH, a MEPUIUAHOB OECUMCICHHOE MHOXXECTBO — BEb
gepe3 KaXAylo TOYKY MOKHO MPOBECTH CBOW MepuAnaH. Bce OHM OIMHAKOBHI U
paBHOIPABHBI, IMOATOMY  YCIOBHO OJMH W3 HHUX BBIOMPAIOT B KadyecTBE
HAYaJIbHOTO.

Hlupomoit ¢ (cpepuueckoli wiupomoti) TOYKH Ha TOBEPXHOCTH 3EMHOMU
cepbl Ha3bIBAE€TCSA YroJ, 3aKIIOYEHHBIH MEXIYy IUIOCKOCThIO JKBAaTopa H
HaIpaBJIEHUEM U3 IIEHTpa cepbl B JTAHHYIO TOUKY.

[[Iupora uzmensiercsa ot 90° rxkHoM mUpoTshl 10 90° ceBepHOl mMpoThl. [Ipn
pacuerax 1o ¢GopmyjaM CEBEPHYIO HIMPOTY MOKHO CUUTATh MOJOXKHUTEIbHOU, a
I0’)KHYIO OTpHIaTebHOM. Ha sKkBaTope mmpoTa paBHa HYJIIO, & HAa reorpapuyecKkux
nosocax +90°.

Honeomou A (cgpepuueckoti O0oneomoti) TOYKM Ha TOBEPXHOCTH Chepsl
HA3bIBACTCS BYTPAHHBIA YTOJI, 3aKIFOYCHHBIH MEXIY TIOCKOCTSIMHU HAYaIbHOTO
MepHIMaHa ¥ MEpUINaHa JaHHON TOUYKH.

DTOT yroJ MO>KHO TOKa3aTh KakK MJIOCKUN B MJIOCKOCTU 3KBatopa (puc.2.5). B
KayecTBE HAuaJlbHOIO MEpHAMAaHA UCHOJb3yeTcsl ['pUHBUYCKHI MepuanaH
(Greenwich meridian), koTopelii KOIra-TO MPOXOIMJ Yepe3 PAaCIOJOKCHHYIO
BOm3u Jlonaona ['puHBHUCKyt0 oOcepBaTopuio (ceiidac obcepBaTopus mepeexana
Ha Jpyroe Mecrto, Ho mepuauaH coxpanuicsi). B XIX Beke B pa3Hoe Bpemsa B
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KAaueCTBE HA4yaJIbHOIO MCHOJB30BaIM W Apyrue mepunuanbl (Ilapuka, octpoBa
deppo B ATiiaHTHYECKOM OKeaHe, [TynkoBckoit o0cepBaTopuu noj [lerepOyprom).

Honrora uzmensiercst ot 180° 3anagnoi goarotsl 10 180° BoctouHou. Ilpu
pacyeTtax mo (opmysiaM UM TaKKe MOXHO MPUIHUCHIBATh 3HAKU COOTBETCTBEHHO
MUHYC ¥ IUIIOC (UM HA000POT, Kak 3T0 npuHsTo, Harpumep B CLIA).

EnuHnnamu u3MepeHHs] MHAPOThl U JOJTOTHI SIBISIOTCSA YIJIOBBIE T'PagycChl,
MUHYTBI U CEKYH/IbI, @ UHOTJ]Aa U UX JIECATUYHBIE A0JU (AecsaThie, COThIC U T.1.). 3a
pyOEKOM HCTIONB3YIOTCS CIICAYIONTNE OYKBEHHBIC 0003HAUCHHUS:

N (north) — ceBep, S (south) —ror, E (east) —Boctok, W (west)— 3amas.

Mopsku HCIONB3YIOT 3TU XK€ 0003HAYEHHWs, HO HE HAa AHIJIMHCKOM, a Ha
TOJUIAHACKOM SI3bIKE€ Il OOO3HAYEHUsT OCHOBHBIX HAINPABIEHUW MO CTOPOHAM
CBETA. HOPJ, 3I0M/I, OCT U BECT.

OgHM W TE K€ 3HAYEHUs UIMPOTHI M JIOJTOTHI B JOKyMEHTax
a’pOHABUTAIIMOHHOW MHPOPMALIUK TP BHINOJHEHUU PA3TUYHBIX HABUTAIITMOHHBIX
pacyeToB MOTYT OBITh IPECTABICHbI I0-PA3HOMY:

37° 23" 12" c.m. = N37° 23.2' = +37.38667°.

134° 45" 45" 3.1. = W134° 45.75' = -134.7625°.

Ha kapTax HaHeceHa ceTka MEpUAUaHOB U NapajlIeseil, C TOMOIIBIO KOTOPO
MO>XHO OIPEIECIUTh KOOPAMHATHI TOYKW WIM HAWTH TOYKY C H3BECTHBIMHU
KoopAauHaTtaMmu. Iy Toro, 94ToObl 3TO MOXHO OBUIO CENIaTh TOYHEE, Ha o0pe3ax
KapThl, a Ha Aad’pPOHABUTAIlMOHHBIX KapTax — M Ha CaMHX MEpHUJUaHAX U
napauiessix, CAeIaHbl IPOMEXKYTOUYHbIE AeneHus (puc. 2.6).

Hu HanpaBiieHHe HOpMaiau K MOBEPXHOCTH JJUIMIICOM[IA, HU HANPABICHHUE K
LHEHTPY 3eMJIM HEMOCPEACTBEHHO MPUOOpaMU U3MEPEHBI OBITH HE MOTYT, TO3TOMY
HE MOT'YT OBITh HEMOCPEACTBEHHO U3MEPEHBI HU T'eoJIe3uuecKasi, HU cepuyeckas
mUpoThl. HemocpencTBeHHO MOKHO OMNPENETUTh JIMIb HAlpaBJI€HUE OTBECHON
JUHUU. B CBA3M C O3TUM HCHONB3YETCS TaKKe acCTPOHOMHUYECKas CHUCTEMa
KOOpPJIMHAT, B KOTOPOH aCTPOHOMMYECKAs] IIUPOTA — YIOJl, 3aKIOUYEHHBIN MEXIy
IJIOCKOCTBIO 3KBAaTOpa M OTBECHOW JIMHUEW B JAHHOW TOYKe. Paznmnums Mmexny
reofIe3NYECKUMH,  HOPMaJbHBIMU  CPEPUYECKUMH U  ACTPOHOMUYECKHMHU
KOOpAMHATAMU HEBEJIMKHW — HE 0oJjiee HECKOJbKHUX YIJIOBBIX MHUHYT. [loaTomy,
KOI/Ia Pa3IMuue MEXJIy STUMU CHCTEMAMH KOOPIMHAT HE WIPAET POJIH, HX
O00BEIUHAIOT OOIIMM Ha3BaHUEM - 2eozpaghuueckue KoopOUHAmbl.

Kpome 0co00 OroBOpeHHBIX CIIy4aeB, B JAHHOM Y4eOHOM mocoouu Oynaem
OpUHUMaTh 3eMJ0 3a cepy M B KauecTBe Treorpauiyeckux HCHOIb30BaTh
chepudeckue MMUpOTy U JOJTOTY.

Jnmuua nyru  OoJbpIIOro Kpyra (B YacTHOCTH, JKBaTopa M MEpHUIMAHA)
MPOTSHKEHHOCTHIO B 1° B cpenneM paBHa 111,2 kxm. IMeHHO B cpeliHEM, OTOMY,
YTO HA CaMOM JIeJie MEPUIUAH SBJIIETCS HE OKPY>KHOCTBIO, a AJUIMIICOM U JJIMHA
nyru B 1° pasnuuHa Ha pasHbIXx WUpoTax. COOTBETCTBEHHO, JUIMHA IYTH B OJHY
MHHYTY COCTABJISIET B cpeiHeM 1,853 kM, a CeKyHIbI — OKO0JIO 31 M.

JnvHa mnapamiend, KOoTopas SBISE€TCS HE OONbIIMM, a MallbiIM KpPYIOM,
YMEHBILIAETCS N0 Mepe NPUOIMKEHUS K IMOJIIOCY, T.€. C YBEJIWYEHHEM IIUPOTHL.
Jnuua ayru B 1° Ha mapauienu ¢ mumpoTou ¢ coctasisieT 111,2¢0S o .
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30 312 328

Puc.2.6. OnpeneneHue MMUpOTHl U AOJITOTHI IO KapTe

PaccTostHust Ha 3eMHO# IMOBEPXHOCTH M3MEPSIOTCS B METPax, KWIOMETpPax, a
3a pyOeskoM 4yacto u B Mopckux Muitsax (nautical miles, NM). Benuunna mopckoit
MUJIH COOTBETCTBYET CpEIHEH IIMHE OJHON MHHYTHI MepuauaHa. B Mopckoi u
BO3/yITHOW HAaBUTAIIMH MPHHATO (PUKCUPOBAHHOE 3HAYEHUE ONUHbL MOPCKOU MUTU
(m.munu) — 1852 M, Bedb €IUHUIIA U3MEPEHUS HE JOKHA OBITh pa3HOM Ha
pa3IMYHBIX IIAPOTAX.

BrIcOTHI U3MeEpsIIOTCS B METpax, 3a pyOekoM 4acto B pyrax.

1 m.muirs = 1,852 kwM; S km =1,852 S Mm.MUIIE.

1 m=3,2808 ¢r; H ¢t =3,2808 H m.

2.3. OpToapoMus ¥ JOKCOAPOMHUS

Opmoopomueti (Great Circle) B HaBuraryu Ha3bIBaOT Iyry OOJIBIIOTO KPyTa,
MPOXOMSIIYI0 4Yepe3 JBe 3aJaHHble TOUYKU. OpTOapoMus B HABUTAIUU HUMEET
OuYeHb OOJIbIIIOE 3HAYECHHE, MMOCKOJIbKY Ha cepe OHA UTPAET TaKyIO ke POJjb, KaK
npsiMasi JIMHUSL Ha TJIOCKOCTU. Opmoopomusi A61s1emcs TUHUel Kpamyauuie2o
paccmosiHus medxcoy O08yMs mouKamu Ha nogepxnocmu cgepul. Ilonacts u3
OJIHOTO MYHKTa B APYyroi 0ojiee KOPOTKUM MYyTEM MOKHO TOJIBKO MPOKOMaB MEXY
HUMH TOHHEJIb MOJT 36MJIEH, TO €CTh, BBIM/IS 3a Mpeieibl MOBEPXHOCTU CPEpHI.

Ecnau Ha rinoOyce HATAHYTh HUTKY MEXIY JABYMs TOYKaMH, TO OHa KakK pa3s
JISKET 110 OPTOIPOMHUH.

Mepuananbsl ¥ SKBaTOP SIBJISIOTCS YaCTHBIMU CITydasiMu opToapomun. Yepes
JT00BIC BE TOYKH, HE JISXKAIUE HA MPOTUBOTOIOKHBIX KOHIIAX OJHOTO M TOTO e
nuameTpa cepbl, MOKHO TIPOBECTH TOJIBKO OJTHY OPTOIPOMHUIO.
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Oprtoapomusi B 00meM ciydae MEpPEeceKaeT MEPHUAHWAHbl MO Pa3HBIMH
yriamMH, Ha3blBa€MbIMU IYTEBBIMM YIJIaMH opToApomuu f3. VcknrodyeHusmu
ABJIAIOTCS 3KBAaTOp M, KOHEYHO, CAMU MEpUIUaHbl. J[B€ TOUYKM OPTOAPOMUH, B
KOTOPbIX OHa HambOosiee OJU3KO MOJAXOAUT K IOJIOCaM, HA3bIBAIOTCS TOYKAMU
Beprekca (Touku Vi u V, Ha puc. 2.7).

3Has chepuueckre KOOpAUHATH MYHKTOB, MOXKHO PacCUMTaTh IMyTEBOM yroi
U JJIMHY OPTOAPOMHUH 10 (hopmyiaM chepruuecKoil TPUTOHOMETPHUHU.

[TyreBoit yron P; opTOApOMUM, MPOXOAAIIEH U3 MEPBOU TOYKH (1, A1) BO
BTOPYIO ((2, A7), U HU3MEPEHHBI OTHOCUTEIHLHO MEPUIAHAHA IEPBOH TOYKH MOXKHO
OIPENETUTH C TOMOILIBIO (POPMYJIBIL:

ctgB; =tge, cos ¢, cos ec(/iz -4, )— sin ¢, ctg (/12 — ll) (2.1)

YMecTHO HAIIOMHHUTB, YTO KOCCKAaHC (COSGC)STO CANHHNIA, ACJICHHAA Ha CUHYC.
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Puc.2.7. Oproapomust

JInvHa OPTOAPOMHHM S PACCUYUTHIBACTCS C IIOMOIIBIO COOTHOIICHHMS:
Cos S = sin ¢, sin ¢, + COS @, COS @, cos(/12 — Al) (2.2)

Benuunna S Oyzer BbIpakeHa KajbKyJSTOPOM, pa3yMeeTcs, B YIJIOBOM
Mepe (B Tpajycax WM pajnaHax). 9TO yroji MeXJy HalpaBiICHUSIMHU Ha MEPBYIO U
BTOPYIO TOUKHU U3 1IeHTpa ceprl. [l mepeBona S U3 yriioBoil Mephl B TUHEHHYIO
MOKHO TOCTYNHUTh OJHUM U3 JIByX crnoco0oB. Eciu S BwlpakeHa B rpamycax,
IIEPEBECTU B YIJIOBBIE MUHYTHI (C Y4ETOM TOTO, YTO rpaayc couepxutr 60') u
YMHOKHUTb Ha CPEAHIO0 JITTMHY OAHOM MUHYTHI (1,853 km).

Ecnu S BeIpakeHa B paguaHax, MOYKHO MPOCTO YMHOXHUTh Ha PaJNyC 3€MHOM
cdepsi.
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Beimaronuiicsa pycckui yuenbii B.B.KaBpaiickuii nmokasan, 4ro npu 3aMeHe
3eMHOr0 AJuturcouaa chepoil 1enecoodpazHo MPUHATH paauyc chepbl paBHBIM
6372,9 km (taxk Ha3eiBaemas cdepa Kappalickoro), mpu 3ToOM TIeo/e3UUYECKUE
HIMPOTHI B HEOOXOAUMO MEPECUUTATh B chepruueckue ¢ mno hopmyse

¢=B-8,6'sin 2B. (2.3)

Torma mo mpuBeaeHHBIM  (OpPMyJIaM MOXHO PpAacCUMTaTh IYTEBOW Yroj
OPTOAPOMHUH C MOTPEUIHOCTRIO He Oojiee 0,1° , a paccTOsSHHE ¢ OTHOCHUTEIILHOU
norpemHoctbio He 6osee 0,08% oT camoro paccTosiHUS.

Jloxcoopomueir  (Rumb  Line) wuasvieaemcs  xpusas, nepecexaiowas
MepUOUaHbl OO NOCOSHHBIM Y2IOM.

JlokcoapoMusi Kak JHHHS IyTH MOSBHJIACh CHavajga B MOPCKON HaBUTaIlWH,
IIOCKOJIBKY ITOMOIIBIO CaMOro JAPEBHEr0 BHAAa KOMIlaca — MAarHHTHOTO —
U3MEPSIETCS U BBIAEPIKUBAETCS KypC OTHOCHUTEIBHO TEKYIIEro MepHaHhaHa, Ha
KOTOPOM B JAHHBIA MOMEHT HAaXOMUTCS KOpabib miam camojier. [losTomy mpu
BBIJICP)KUBAHUH TTOCTOSTHHOTO Kypca U MPOUCXOANT JBHIKECHHE 10 JIOKCOIPOMUH.

B o01iem ciydae rnpu npou3BOJIBHOM IIyTEBOM YIJIe JJOKCOAPOMUS UMEET BH/T
CIHpaJi, «HaMaThIBAIOIICHCS» Ha MOJII0CA, HO HUKOT/IA X HE JOCTUTAIoMICH (pHC.
2.8). B wacTHBIX cilydasix, KOTjJa OHa COBIAJAaeT C MEPHIUAHOM HJIH MapajuIeibio
(B TOM YHCIIe, C 9KBATOPOM) JIOKCOJAPOMHS ITPEBPAIIIACTCS B OKPY)KHOCTh. DKBATOP
U MCpHUAMAHBI SIBJIAIOTCA YAaCTHBIMU CJIy4asMHd KakK JIOKCOJAPOMHH, TaK W
OPTOJIPOMHH.

Puc. 2.8. O6mumii BuI JOKCOAPOMUHN

Pazymeercsi, HUKTO HE JIETAeT 10 OPTOJIPOMHH BOKPYT BCETO 3€MHOTIO 1Iapa, a
0 JIOKCOAPOMHMH HE TMbITACTCS MPUJICTETh HA MOJIIOC. B HaBUrauu UAET pedb, Kak
MPaBUJIO, O HEOOJIBIIUX OTPE3KaX ITUX KPUBBIX (MAKCUMYM JI0 HECKOJIBKHUX COTEH
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KHJIOMETPOB) MEXIY IBYMs IYHKTaMU MapupyTa. Takke MOJIE3HO 3allOMHUTb,
YTO JIOKCOAPOMHUS BCETAa MPOXOIUT OJIMKE K SKBATOPY, UYEM OPTOJPOMHSI, TO €CTh,
BBITHYTA B €r0 CTOPOHY.

[IyreBo yros OpTOAPOMHM B KaXJIOW TOYKE MapIIpyTa pas3Hbld, a Yy
JIOKCOAPOMHH, Pa3yMEETCs, OJWHAKOBBIA. MOXHO 3aMETUTh, 4YTO HPUMEPHO
MIOCEPEANHE YyYacTKa ITyTEBBIEC YIJIbl OPTOJPOMHUU M JIOKCOAPOMHUHU COBIIAJIAIOT,
TaK Kak 3TU JIMHUU UAYT MapajuiellbHO APYT Jpyry. DTOT (PakT MOXKET ObITh
MCITOJIb30BaH NPH ONPENEIEHNUHN JOKCOIPOMHYECKOTr0 IMyTEBOIO yIila Ha KapTe.

JI3II 3a0aemcs 6 6ude opmoopomuu, TOITOMY TIPU MOJIETE MO JOKCOAPOMUHU
BC 3aBegomo ykionsiercs or JI3II m Ha ydacTkax gake HE O4YEHb OOJIBIION
MPOTSKEHHOCTH MOKET M3-3a 3TOr0 0Ka3aThCs 32 MPEAEIIaMH IIUPUHBI TPACCHI.

Jlokcompomusi, KOHEYHO, [JIMHHEE OpPTOAPOMHHM, HO TMpU OOBIYHOM
NPOTSKEHHOCTH YYaCTKOB HE HACTOJIBKO, YTOOBI 3TO UTPAJIO CYIIECTBEHHYIO POJIb
JUUISl HABUT AWM.

2.4. YroJ cX0KIeHUs MePUIMAHOB

3HauCHHUE yTJIa CXOXKICHUS MEPUIAMAHOB O, B HABHTAIIUA OYCHH BEIIHKO,
MTOCKOJIBKY OH HCIIOJIB3YETCS MPU PEIICHUU Pa3IMYHBIX 3a7ad, CBA3aHHBIX KaK C
MPUMEHEHUEM KYPCOBBIX MPHUOOPOB, Tak W ¢ ompeaeneHneM MC ¢ MOMOIIBIO
YTIIOMEPHBIX PAIMOHABUTAIMOHHBIX CHCTEM.

Ha3Banue 3Tol BEeMWYMHBI MOKET BBECTH B 3a0iyxiaeHue. CKIaapIBacTCs
BIIEUATIICHUE, YTO, MOCKOJBKY BCE MEPUJIMAHBI CXONATCS y MOJIOCOB, TO YIJIBI
MEXy HUMHU B TMOJIOCE U €CTh O Ha camom nene 3T yriibl HE 4TO MHOE Kak
Pa3HOCTH JOJITOT 3TUX MEPHUIUAHOB, & YTIIOM CXOXKICHUS MEPUINAHOB HA3bIBACTCS
pyrasi BeTUYHHA.

Yenom cxoorcoenus mepuouanos o.. 8 08yX MouKax Ha 3eMHOU NOBEPXHOCMU
HA3bIBAEMCs PAZHOCMb NYMEBbIX Y2l08 OPMOOPOMUU, NPOXOOAWell Yepe3 dmu
MOYKU.

P

Puc. 2.9. IlyreBbie yriabsl OpTOAPOMUH
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Ecnu u3BecTHBI myTeBbI€ YTl OPTOAPOMHH B 00eux Toukax (puc.2.9), To
paccuuTarth O, OYEHb MIPOCTO UCXOJS U3 MPUBEACHHOTO ONPEIEICHNU:

5cx:ﬁ2 _181-

Ho npu pemieHun MHOTHX 3ajad 4acTO CaMHU TYTEBBIE YIJIbl HE HYXKHBI, a
HY)KHa TOJBKO HX Pa3HOCTh  Og. 3HAs KOOPJAWHATHI IYHKTOB, €€ MOKHO
paccuuTath o popmyie:

5.~ (2, —ﬂ,l)sin&;oz ~ (1, -2, Jsin v, (2.4)

J{nst paccTosiHUM, HE TPEBBIIAIOIINX HECKOIBKUX COTEH KUJIOMETPOB, MOXKHO
MOJIB30BaThCsl ATOM (POpMyJIoi, KOTOpas XOTS W ABJISETCS MNPUOIMKEHHOU, HO
o0OecrieurBaeT BMOJIHE IOCTATOYHYIO JJIsl IPAKTUKU TOYHOCTb.

Kak cnenyer u3 mnpuBefeHHbIX (Gopmyl, O, HMeeT 3Hak. B ceBepHOM
MOJTyIIapuu, KOrja BTOpasi TOYKa BOCTOUHEE MEePBOM, OH MOJokuTeneH. Eciu xe,
HAa000OpOT, OPTOJIPOMHS HJIET Ha 3amaja, TO OTpUUAaTe]eH. B 10KHOM mosymapuu
KapThHa oOpaTHasi, MOCKOJIbKY IIHPOTAa UMEET OTPUIIATEIIbHBIN 3HAK.

VYron cxoxkaeHus MEpUANAHOB PaBEH HYIIO, €Clii 00€ TOYKM HAaXOMSTCS Ha
OJIHOM MEpHIMAHE UK 00€ Ha HKBATOPE, UM UX CPEIHSS IUPOTA PaBHA HYJIIO.

[To-aHIHMIICKK PAaCCMOTPEHHBIM YroJI CXOXKAEHUS MEPHUIMAHOB HAa 3E€MHOU
cdepe Ha3pIBaeTcs earth convergence wiu mpocto convergence. Ciemyer UMeTh B
BUJIY, YTO Ha KapTe yroj MKy MepuauaHamu (Chart convergence) Moxer ObITh
JPYTUM MO BEJIMYUHE B 3aBUCMMOCTHU OT BUJIa IPOEKIIUU KAPTHI.

2.5. 3agaHue TpaeKTOPHUHM I0JIETA

[Tosnersr BC BBINONHAIOTCS HE MPOU3BOJIBHO, A 10 33JaHHBIM TPACKTOPHSIM.
OTU TpPaeKTOpUM MOTYT OBITh YCTAHOBJIEHBI 3apaHee M OIyOJMKOBaHbl B
JOKyMEHTaX aj’pOHAaBUTallMOHHON HHpopMauuu JuOO0 ONEepaTUBHO 3aJaHbl
nucneruepom OB/] B monere.

3agaHHasg TPAcKTOpUS IOJIETA SABJISETCA NMPOCTPAHCTBEHHOW nuHUen. OHa
3a/1aeTCs OTACIIBHO B TOPU30HTAIBHOM INIOCKOCTH B BHJE MapLIpyTa IIOJETa W B
BEPTUKAJILHOM TUIOCKOCTHU B BHJI€ TPOQUIIA MOJIeTa.

Mapwpym nonema (route) — srto JI3II, 3agaHHas ¢ MOMOIIBIO OMOPHBIX
TOYEK, HaJl KOTOpbIMU J0JkHO nposiereTs BC (puc.2.10).
Touka, B KOTOpOW HAYMHAETCS MapIUIPyT, HA3BIBAETCA UCXOOHbIM HYHKMOM
mapwpyma (UIIM), B KOTOpOW 3aKaHUUBAETCA — KOHEUHbIM NYHKMOM Mapuipyma
(KIIM), a Bce ocTalibHbIE — nOGOPOMHbIMU NyHKmamu mapupyma (I11IM).
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Puc. 2.10. MapuipyT nonera

Wuorna IIIIM Ha3piBatoT mpocTto nynkmamu mapuwipyma (I[IM), a npu
MCITOJIb30BAaHUU 30HAJIBHON HABUTALIMK MPUMEHSIETCS TEpMUH «mouxka nymuy (WP,
waypoint).

JIBIT wmexny nABymMs CMEXKHBIMA IIyHKTaMM  MapuipyTta  sBJISIETCS
oproapomueii. Kaxxnass Takas OopTOAPOMHSI CO CBOMM HAuyallbHbIM M KOHEUYHBIM
IIYHKTaAMU Ha3bIBAETCS YUACMKOM MApuipyma.

[IyHkTBl MapmipyTa Ha KapTaXx 0003HAYAIOTCA KPYKOUKaAMU, HO MHOT]Ia OHU
MOTYT 0003Ha4yaThCs TPEYrOJbHUKAMU WM 3BE3/J0YKAMU B 3aBUCUMOCTH OT
Ha3HA4YEHUs KapThl U BUJa MapIlipyTa.

JIro60it T1TIM siBnisieTcs KOHIIOM OJTHOTO Y4YacTKa M HadajoM JIPYroro, TO €CTh
aexut Ha o6eux JI3II. BC, xak mpaBuio, BBINOJIHSIOT MOJETHI C OOJBIIUMU
CKOpPOCTSIMA M HE MOTYT MTHOBEHHO pa3BepHyThcs Hana IIIIM um mpomomkarsb
cnenoBate mo JI3II cunenyromero ywactka. B cBA3M C 3TUM  pa3inyaroT
MOBOPOTHBIC MMyHKTHI haii-6ail (fly-by) u ¢gaaii-osep (fly-over). Ecnu nyHkT duaii-
OBEp, TO pa3BopoT HaumHaeTcs npu npotere [II[IM, a nocne ero 3asepuienns BC
nokHo Brmcatbes B JI3II cnenmyromero ywactka. Ecnu Touka dnaii-Oaid, To
pa3BOpOT JOJDKEH OBITh HayaT A0 IMpoJieTa TOYKM TaK, 4YTOOBI MOCIE €ro
3aBEpIICHUSI CaMOJIeT Kak pa3 oka3asics Ha HoBou JI3II. B stom cnyuae BC Han
camuM IIIIM ¢paxtuyecku He nposnetaet (puc.2.11).

B Poccun npu nonerax BHE palioHa a’poApoma, Kak MPaBuiio, UCTOJIb3YIOTCS
ToukH (praii-6ail, a Ha adPOJIPOMHBIX CXEMaX MOTYT UCIOJIb30BATHCS TOYKHA 000UX
BH/JIOB.

a) 6) +

Puc. 2.11. Touku ¢aii-06aii (a) u daii-osep (0)

B Mo
86°—

KIMM
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Heobxoaumo oOpaTuTh BHUMAaHHE, YTO MapHIpyT — 3TO JIMHUS HMEHHO
3a0anHo20 MYTH, HAJ KOTOpou ooaxcro tiposereTh BC. HazbiBath mapuipyTowm,
KaK 3TO MHOT/IA JeNIaeTCs, JIMHUIO hakmuieckozo myTH, o kotopoir BC neTut Ha
caMOM JieJi€, HEMPaBUJIbHO.

K coxainennto, n3-3a MOrpemHOCTe HABUTAIMOHHBIX CPEACTB, BO3ACHCTBUS
BHelHen cpenbl U apyrux ¢dakropos JIDII nukorga TouHo He coBnagaet ¢ JI3IL.
[ToaTomy miig obecnieuenus 6e3omnacHoro nojera BC Beinensercs He MPOCTO JUHUA
3aJJaHHOTO IIyTH, & KOpuoop B  BO3AYLUIHOM HPOCTPAHCTBE, Ha3bIBAEMbIN
6030yuwiHol mpaccoti (BT) m o0opynoBaHHBINA cpefcTBaMu HaBuramuu (puc.2.12).
[To ocu 3toro kopuaopa npoxoaut JI3II, a mmpuna ero B Poccun cocraiser, kak
npasuio, 10 km (Bopaso u BieBo ot JI3II mo 5 km).

5k
n3n 5Kkm
BT

Puc.2.12. Bo3nymnas tpacca mupuHoi 10 km

[To-aHrnuiicku BO3yIIHAS Tpacca - airway.

Jlisg mosieToB Ha MajbIX BBICOTaX IpeIHAa3HAYEHbl aHAJIOTMYHBbIE, HO OoJee
y3KH€ KOPHUAOPHI, HA3bIBAEMbIE MECMHbIMU B8030VUHbIMU TUHUAMU. Bo3ayiHbie
TPacchl 1 MECTHBIE BO3AYIIHBIE JIMHUN YCTaHABJIMBAIOTCS OpraHaMy OpraHU3alun
BO3JYLIHOTO JIBIKEHUS U MYyOIMKYIOTCSI B JIOKYMEHTaxX a3pOHAaBUTAllMOHHOMN
uH(popmanuu. /s BRIMOIHEHUS MOJETOB BHE CETH BO3AYIIHBIX TPACC U MECTHBIX
BO3JIYIIHBIX JIMHUW JKHUIIaXX MOXET BbIOpaTh M coryacoBath ¢ opraHamu OBJ]
CHeUalbHbIA YCTAHOBJICHHBIA MAapIIPYT JJIs1 BBIOJIHEHUS TAHHOTO MOJIETA.

3adannelii npogune norema — TPOEKUUA 33JaHHOM TpPAaeKTOpUU Ha
BEPTUKAJIBHYIO TJIOCKOCTh, MPOXOAILYIO0 Yepe3 Pa3BEPHYTHIM B MPSAMYIO JIMHHUIO

MapuipyT nojueta (puc.2.13).

H,
/ IH1
O \4

nnu MM MM KIMM

Puc. 2.13. Ilpoduns nonera
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[Ipodwmnp monera 3amaeTcsi ykKa3aHWEM, Ha KakKOW BBICOTE HEOOXOIUMO
NPOJIETeTh TOT WJIM MHOW MYHKT MapmipyTa. M3o0pakaercss mpoduib moyiera, Kak
NpaBUJIO, Ha CXEMax 3axojia Ha MOCaJAKy B JOKYMEHTAaX a’dpOHaBHTAI[MOHHOM
nHpopMaruu.

2.6. CucremMbl KOOPAMHAT, MIPUMEHsieMble B HABUT AU U

[IpoctpancTBO BOOOIIE SBISETCS TPEXMEPHBIM M, KOHEYHO, CHCTEMa
KOOpJIMHAT JIOJKHA BKIIIOYATh B ce0s TpU MEPIEHIUKYISAPHBIX ocu. OJIHA U3 3TUX
OCE€il — BEpPTUKAJIbHAS — SIBIISIETCS OCBIO BBICOT. V3MepeHne U MOpsAIoK OTCYETa
BBICOT  PAacCMOTpPUM Jaliee, a 37ech peyb OyJeT HITH O TOPU3OHTAIBHBIX
KOOpJIMHATaxX, Xapakrepusytomux mectononoxenue Touku (MC, I1IIM u T.11.) Ha
36MHOM TOBEPXHOCTH.

1.l'eoepaguueckasn cucmema Kkoopounam.

CucremMbl KOOpPAWMHAT, OTHOCSIIMECS K OTOMY BHUIY (HOpMaJIbHBIE
chepuueckue, TeoJe3UNYeCKUe U aCTPOHOMUYECKHUE), YK€ HaMHU PACCMOTPEHBHI.
JIOCTOMHCTBOM TaKMX CHUCTEM 3aKJIIOYAeTCS B TOM, UTO OHHU SIBJISIOTCS €IUHBIMHU
I BCe  3eMuIM:  KOOPAMHATHI TOYKM  OJIHO3HAYHO  ONPEACHSIOT €€
MecTtonojoxenue. Ho oHM HeyaoOHBbI isi ompenesieHus mecromnosoxenus BC
OTHOCHUTEIIbHO 3aJJaHHOM TpaeKkTopuu. Hampumep, 3Has MmHAPOTY W JOJTOTY,
HEBO3MOXXHO cpa3zy ckazaTb, Haxoautcsi BC Ha JI3IT unu yKJIOHMIOCH OT HEe.

2.0pmodpomuyeckue cucmembl KOOPOUHAM.

Oproapomudeckue cuctembl (grid systems) sBisiroTcst 0000IIAONIUM ClydaeM
chepudeckux KoopAuHaT. BMECTo «HACTOSIIMX)» MEPUIUAHOB U Mapajuiesied, Kak
B reorpauuecKux CUCTEMax, UCIOJIb3YIOTCS MEPUIUAHBI U TIapaslIeNid YCIOBHbIE,
HanoOoJiee yI00HO Pacioi0KEHHbIE OTHOCUTEIBLHO MapIIpyTa MoJIeTa.

B oproapoMuueckux cucTemMax OCSMH SIBISIIOTCS JBE€ OPTOJIPOMUHU,
MepIEeHIUKYJIIPHbIC IPYT APYTy B Hauaje CUCTEMbl KoopauHat. B 3aBucumMoctu ot
TOr0, KaK HaIpaBJICHbl 3TH OCHU U TJI€ PACIIOJIOKEHO HAayajao CUCTEMbI KOOPJWHAT,
WX JICJISIT Ha IBE TPYIIIIHI.

a) [ naenoopmoopomuueckue.

Hauano o6pryno pasmemiaercs B WMIIM, a omHy W3 ocell, Ha3bIBaeMylo
2NIaBHOU OpMOOpoMUell, HATIPABJISIOT BJIOJIb MApUIPYTa, HAIPUMED, TaK, YTOObI OHA
npoxonuna yepe3 KIIM mu6o BOam3m Bcex IIIIM. I'maBHas oproapomus
SIBJIIETCSI SKBATOPOM TaKOM yCIOBHOHM cpepruecKkor CUCTEMBbI KoopauHat. Bropas
OCh HaIpaBJIsIeTCs BIIPABO OT HampasiieHus noJiera (puc.2.14).

KoopauHaatel MOTYT OBITH BRIPQXKEHBI KaK B JINHEHHOU Mepe (B KHJIOMETpax),
TaK ¥ B yTJIOBOM Mepe aHAJIOTMYHO IIHUPOTE U JOJTOTE.



Puc. 2.14. 'maBHOOpTOAPOMUYECKAA CUCTEMA KOOPAUHAT

[IpenmMymiecTBO TIIABHOOPTOAPOMUYECKON CUCTEMBI COCTOUT B TOM, YTO OHA
HCIOJIB3YETCsl OJJHA Ha BeChb MapupyT. MOXXHO 3apaHee paccyuTarb B JTOU
cucteme koopauHatel I[I[IM wu Oau3ko PACMOJIOKEHHBIX  PAJMOMASKOB,
onpenenars MC. HegoctaTok e €€ 3aK/II04aeTcs B TOM, YTO MO 3HAYEHUSIM
KOOpAMWHAT, Hampumep X © YV, HEBO3MOXHO CYyAUTh HENOCPEACTBEHHO O
pacnonoxkenun BC otHocutenbHo JI3II. [lake mpuM TOYHOM CJI€IOBaHUU TIO
Mapuipyty o00e KOOpAMHATHI OyAyT H3MEHSTHCSA, MOCKOJIBKY MapuIpyT HMeEeT
M3JIOMBl M YYaCTKM MapuipyTa, Kak MPaBWIO, HE COBIAJAIOT HU C OJHOM U3 OCEH.
BMmecre ¢ TeMm, TakuMe CHCTEMBI KOOPAMHAT NPUMEHSIOTCA B MHJIOTAXKHO-
HABUTALIMOHHBIX KOMIUIEKCAaX HEKOTOPhIX TUNIOB BC. CucrteMa KOOpAUMHAT TaKOTO
TUMA MOYXET HMCIOJb30BATHCS W MPHU BHEMAPUIPYTHBIX MOJIETaX, KOT/AA MOJIETHI
MPOM3BOJATCS B OFPAHMYEHHOM palOHE, HampuMep, TMpPU  BBINOJIHEHUH
aBUAIIMOHHBIX paboT. B 3TOM ciyuae Hayano CUCTEMbI KOOPAUHAT pacrojiaraioT B
OJIHOM M3 TOYEK JTOro paiioHa (Hampumep, Ha a’poapPOME BBHUIETA), a OCH
HaIpaBJISIIOT MO0 MEPUAMAHY W TMEPNEHAUKYIIPHO K HeMy (10 KacaTelbHOW K
napasuielin).

0) Yacmnoopmoopomuueckas cucmema KOOPOUHAM..

OTta cucremMa KOOpPAMHAT I KaXKJIOro ydacTka mapuipyra cBos. OnHa u3
oceit (ock S) Hampamsiercs no JI3II ganHOTO yyacTka B HaIlpaBJICHHM II0JIETa, a
BTOpas (och Z) — BIPABO OT HEe.

B 3aBucMMOCTHM OT TOTrO, rli€ pacrojoX€HO HA4aJlo CHUCTEMBI KOOPAWHAT,
pa3IMyarOTCA JIBA BAPUAHTA TAKUX CUCTEM.

B nepeéom cnyuae Hayano cUCTeMBbl KOOPAWHAT, TO €CTh TOYKa, TJe 00€
KOOpJMHATHl paBHbI HYJIIO, pacriojaraercs 6 Hauanvhom IIIIM naHHOrO ydacTtka
Mapuipyta, To ectb B ToM [IIIM, ot xoToporo nerut BC (puc.2.15,a).
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Puc. 2.15. /IBa BapranTa 4aCTHOOPTOAPOMHYECKUX CUCTEM KOOPAMUHAT

B sTom ciiydae koopauHata Z COBNAIAET C JIUHEUHbIM OOKOBbIM VKIOHEHUEM
(JIBY), a koopaunata S — c¢ npoitnenasiM oT [1IIM paccrosiHuem.

JIBY — »t10 paccrosaue ot MC po JI3II, usmepeHnHoe, pasymeercs, IO
nepneHaukyisipy k JI3IL. WMsmepsercs JIBY B KkuimoMerpax M CUMTaeTCA
MOJIOKUTENIBHBIM TPU YKJIOHEHWH BIPABO U OTPUIATEIBHBIM NPH YKIOHEHUU
BJIEBO, TO ecTb 3HaK JIBY coorBerctByer 3Haky koopauHatel Z. JIBY
COOTBETCTBYET AHIJIMWCKAW  TEPMHH cross-track error, cokpalieHHO
o0o3HayaeMblil kak XTE (3mech OykBa X 3aMeHsIET CJIOBO CI0SS, KOTOPOE 03HAYAET
U «KPECT», U IOMEPEUHBIN» ).

IIpoiioennvim paccmosinuem Sy, Ha3biBaeTcsa paccrosHue Mexay IIIIM, ot
koroporo Jerutr BC, u mnpoexkumerr MC na JI3II, TO ecTh OCHOBaHUEM
YIOMSHYTOro IeprneHaukyispa. O0paTture BHUMaHUE, YTO Sy, M3MEPSETCs BIOJIb
JI3IT u BoBce He sBasiercs AnuHou myTd BC ot IIIIM go Texymero MC. Ecau BC
pa3BepHeTcs B cepequHe ydacTka u BepHercda B IIIIM, S,, Oyner paBHO Hy:o,
HE3aBUCHUMO OT TOT0, Kakoe paccrosinue mnposereno BC.

Takoi#t BRIOOp cUCTEMBI KOOpJIMHAT YI00€H aiisa dkumnaxa. Eciu on 3HaeT Z u
S, To oH 3Haet, Hackoybko BC ykmonunock ot JI3II 1 HacKoIbKO OH yJIaauics OT
[IIIM. 3Has [OIuMHY y4yacTKa MaplipyTa, JIETKO ONPEACNHTb U ocmasuieecs
paccmosinue S,.,. O4eBHIHO, YTO IJis TouHOTO ciemoBanus 1o JI3IT HeoObxoammo
CTpeMHThCS BIIepkuBaTh Z=0.

Bo emopom cnyuae (puc.2.15, 6) Hadaso CUCTEMBbI KOOPJIWHAT HAXOAUTCS 8
koneynom IIIIM yuactka, Ha xkoTopom JietuT BC. Koopaunara Z mo-npexHemy
cootBercTByeT JIBY, a koopauHara S sBiseTcs OTpUUATENBHOW M PABHOU IO
aOCOJIIOTHOM BEJIMYMHE OCTABIIEMYCS PACCTOSIHMIO. JTO ToXe ynooHo. Ilpu
BBITIOJIHGHUH TIOJIETa S, OCTaBasiCh OTPHUIATEIHHOW, YBEIWYUBAETCS, TO €CTh
YMEHBITIAETCs 10 aOCOMIOTHON BemudnHe. MOMEHT, Korjia S CTaHeT paBHA HYIIIO,
Oyznet cooTBeTcTBOBATH Mposiety [1T1M.
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CylmecTBylOT TakKue aBTOMATU3MPOBAHHBIE HABUTALIMOHHBIE CHUCTEMBI,
BBIJIAIONIME JKUNAXy S M Z, B KOTOPBIX CaM JKHUIIAXX MOXKET BbIOpAThb, KAKUM
BApUAHTOM PACIOJIOKEHHSI Hayajga CUCTEMbl YaCTHOOPTOJIPOMHUYECKUX KOOPIUHAT
Oyner mnonb3oBatbea. Ho OonbmmHCTBO coBpemeHHbIx  BC  00opynoBaHo
CUCTEMaMH, B KOTOPBIX OJHO3HAYHO MPEIyCMOTPEH BTOPOM M3 PACCMOTPEHHBIX
BapUAHTOB.

3. Honsapuas cucmema KoopouHam.

[MonsipHbIe KOOpAMHATHI 00BEKTa (camosera, PaaIuOCTaHIMH, OPUEHTHpaA U
T.I.) OIPEICISIOTCS OTHOCUTEIBHO KaKOW-TH00 3apaHee OTrOBOPCHHOW MU
MoApa3yMeBaeMoOil TOUKM (Kak Obl TOJIIOcCa 3TOM CHCTEMbl KOOpPIWHAT). DTOU
TOYKOM OOBIYHO OBIBAET PAIUOMASK WM caMoJIeT. Pasymeercs, Hellb3si TOBOPHUTH O
HOJSPHBIX KOOPAMHATAX pajroMaska OTHOCHUTECIBHO CaMOT0 paroMasika HIH O
KOOpJMHATaX CaMoJIeTa OTHOCUTEIBLHO caMoro ceds. [loaTomy, Korma roBopsr o
HOJSIPHBIX KoopauHatax BC, Havaao KOOpAWHAT MOApa3syMeBacTCs B APYrou
Touke (0OBIYHO, paTuoMaske), W Ha00OPOT, MOJIAPHBIC KOOPAMHATHI PAIUOMAasKa
MOTYT OBITh YKa3aHbl OTHOCHUTEJIBHO CaMOJIeTa.

KoopaunataMu B TOJSpHOW cHCTeMe sBIstoTCs nenene (bearing) wu
oanvrocme (distance) (puc.2.16).

C

A

Puc. 2.16. [TonsipHas cucteMa KOOpAUHAT

Hanvnocms — paccTosHUE OT Hayajga CHUCTEMbl KOOPAMHAT JO0 OOBEKTa
(toukn). Paznuuaror dansrocms naxknonuyro L (v HJI), usmepeHHyro mo npsiMoi
OT paauoMaska 0 paccMmarpuBaemoil Touku (Hampumep, mo IIMC), wu
eopuzoumanvryo D (umu ') oT panuomasika 10 TOYKM Ha 36MHOM MOBEPXHOCTH
noa camoiietoM, To ectb 10 MC (puc.2.17). HakiioHHas NanbHOCTH BCErna
OOJBIIIE TOPU3OHTAIBHOW, a COBIAJAeT C HEW, KOTJa paccMaTpuBaeMas TOYKa
(HampuMep, caMoJIeT) HaXOJUTCS Ha TMOBEPXHOCTH 3eMiid. HakiioHHas TaabHOCTH
HETIOCPEICTBEHHO U3MEpSCTCS  PaTUOHABUTAIIMOHHBIMA  CHCTEMAaMH.
["opu3oHTaIBHAS NaTBHOCTH UCTIONB3yeTCs Itst onpenenenns MC Ha kapTe.
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Puc. 2.17. HaknoHHas u ropu30HTaJIbHAS JAITBHOCTH

Ilenene (I1) — yron B TOPU3OHTAIBLHOW IUIOCKOCTH MEXIY HAIpaBICHHUEM,
NPUHATHIM 32 HA4yajao OTCUETa, U HamlpaBlieHHUEM Ha O00BEKT. OTCUUTHIBACTCS IO
yacoBoi cTpeiike u uzMepsiercs ot 0° 1o 360°. Eciu 00beKT HaXOJUTCS K CEBEPY,
ero niesiedr 0°, ecou k BocToky — 90°, k rory 180°, a k 3amany 270°.

Yacto BMecTo crHenupUyYecKOro HABUTAIMOHHOTO TEPMHUHA «IIEJICHT»
UCIIOJIb3YETCsl OOMICTPUHSATHIN (HarmpuMep, B reorpaduu) TEPMUH «a3uMyT». ITO
OJTHO U TO Xe€.

2.7. OnpenesieHue HANPaBJIeHUH

OnpeneneHue U ONEPUPOBAHUE HAIPABICHUSAMHU WIPAECT B HABUTallUA OYEHb
Oonbllyto poib. lleneHru, myTeBble YINIBI, KypChl — BCE 3TO HANpasieHus
(directions), mo3ToMy oueHb BaXKHO HE TOJILKO 3HATh ONPEACICHHUS dTUX IMOHATHH,
HO M TIPEJICTaBIIATh MX OOpa3HO (HAINISAHO), YMETh ONEPUPOBATh UMH, TO €CTh
NEepPeXOAUTh OT OJHUX HAIPaBICHUH K APYTHM.

[lenecooOpa3Ho MpeACTaBisATh ceOe HampaBieHWEe HE Kak yroil B
OOLIETPUHATOM T'€OMETPUUECKOM CMbICIe ((pUrypa u3 IByX CTOPOH U YTOJ MEXIY
HUMH), @ KaK HMMEHHO «HAIpaBJICHHE» — HEKOTOPBIA Jyd, HaNpaBJIEHHBIN B
MIPOCTPAHCTBE B KaKYIO-JIMOO CTOPOHY U HE 00S3aTE€NbHO MPUBS3AHHBIA K KaKOM-
7100 TOYKe (Havaay KOOPAHWHAT).

JlBa HampaBie€HUS CUMUTAIOTCA OJAMHAKOBBIMU (COBMAJAIONIMMH)  €CIIH
ONPENENSIONME UX JIy4Yd NapajulesIbHbl M HAINpaBJIEHbl B OAHY CTOpoHY. Ecnm
Jy4H IMapajuieIbHbl, HO HAIIPaBJIEHbI B IPOTUBOIIOJIOXKHBIE CTOPOHBI, HAIIPABIICHUS
HA3bIBAIOT OOpaTHRIMH (MPOTUBOMOJNIOKHBIMK). Hampumep, BeKTOpsl A 1 B
UMCIOT OJMHaKOBbIe HampasieHus, a A u C — nportuBonojoxueie (puc. 2.18).
MO0>KHO Tak)ke BBECTH YCIOBHO JOTOBOPEHHOCTH, YTO HEKOTOpOE HampasieHue D
bonvule HanpapieHuss E B Tom ciydae, ecin Bektop E 1y coBMemienus ¢ /]
HY>KHO TTIOBOPAYUBATh 10 Yacoeou cmpeike. ECTECTBEHHO, peub UAET O TOBOPOTE B
Ty CTOPOHY, B KOTOpPYIO 3TOT MOBOpPOT OyaeT kopoue. MHaye roBops, Kakoe
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HaIpaBJICHUE «IpaBee», TO €CTh «0Oojee MO0 YacoBOM CTpEeiKe», TO W OOJIbIIE.
Hanpumep, Ha ToMm ke pucynke D>E>B, C>D.

y?/’
N

Puc. 2.18. Hanpanenus

st konuuecmeenno20 BBIPpAXKEHUS HANIPABICHUN HEOOXOAMMO BBECTH KaKoe-
b0 HanpasneHue Hauaia omcyema W U3MEPSATb HANPABJICHUE YTIIOM MEXIY
TUM OINOPHBIM HAMpaBIICHUEM W JaHHbIM. B HaBurauuu mo TpaJULIMK YTJIbI
OTCUUTBIBAIOTCA 1O YACOB0U cmpenKe OT ONMOPHOrO HAIPABJICHUS U HU3MEPSIOTCS
or 0° mo 360° (cMm. ompeneneHue meneHra). OTMETUM CIIEAYIONMIME JTOCTATOYHO
OYEBHJIHBIE (PAKTHI.

1. JIBa OAMHAKOBBIX HAIPABICHUS HMEIOT OJMHAKOBYIO YHCIIOBYIO MEpPY
HE3aBHUCUMO OT TOTO, OT KaKOTO OIIOPHOTO HAIPAaBJICHUS OHH OTCUUTHIBAIOTCS —
Juib Obl OT ogHOro M Toro xe. HampaBnenus A u B uMeOT OJuHAKOBYIO
YUCJICHHYIO Mepy (BBIPAKAIOTCS OJWHAKOBBIMU YTJIAMH), €CITH WX OTCUHUTHIBATH
Kak OT onopHoro HamnpasyieHus: Cy, Tak u ot C, (puc.2.19).

2. Ecnu x xakoMy J1u00 HaIpaBiIeHUIO MPUOABUTh WU BbIYECTh U3 Hero 360°,
caMO Hampaenenue om 3MO20 He USMEeHUmcs — KyJla B NPOCTPAHCTBE ObLIO
HaIpaBJIeHO, TyAa U OCTAJIOCh. VI3MEHHUIIOCH JIUIb YUCIICHHOE BBIPAKEHHUE ITOTO
yria. DTO BCE paBHO, 4YTO U3MEpATh Temreparypy Mo llenbcuro wunu 1o
dapeHreiTy — KOJIMYECTBO IpaJyCoB pa3HOe, a cama TeMmIleparypa Ta e camas,
HU TEIUIee, HU XOJIOIHEE.

[Tockosbky B moJjiHOM Okpyx)HOCTH 360°, To u HampaBienue 30°, u 390°, u
750° (750=360-2+30) — 3TO OJHO | TO XK€ HaIpaBiicHue. PasymeeTcs, HET CMBbICTIa
ONEepUpPOBaTh 3HAYEHUSIMM, TMpeBblaOmMUMU 360°, U eciau Takoe 3HA4YCHUE
MOJIYYHJIOCH B TIPOIIECCE PACUETOB, HEOOXOIUMO €r0 «KHOPMHUPOBATH) — MIEPEUTH B
nuanasoH 0-360°.

Puc.2.19. HanpaBnenusa Hadana oTcyera
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3. Hnorma yaoOHO /s TPAKTUYECKHX pACUETOB OIEPHPOBATH U
OTPUIATENBHBIMU  yrilaMH. [IOCKOJNIBKY YroJ, OTCYMTBIBAEMBIH II0 YacOBOM
CTpENIKE, CUYHUTACTCS IIOJIOKHUTEIBHBIM, TO OTCYHTHIBAEMBI TPOTUB YaCOBOIA
CTPEJIKH CIIEAYET CUMTATh OTpUIAaTedbHbIM. OZHO U TO K€ HAIpPaBICHHUE MOXKET
OBITh KaK IIOJIOKUTEIBHBIM (OTCUMTHIBAEMBIM II0 YacOBOW CTpPEJKE), TaKk |
OTpUIATENBHBIM (POTUB 4yacoBod crtpenku) (puc. 2.20). IlonaTHO, 4TO CymMMa
aOCOJFOTHBIX BEJTMUMH YUCIICHHBIX 3HAUCHUU ATUX HaNpaBJIeHUH cocTaniseT 360°.
Hanpumep, +120° 1o 1O *Ke camoe, uto —240°, a  —37°=+323". Heobxoanmo
JeTKO ¥ OBICTPO YMETh TIEPEXOJUTh OT TOJOXKHUTEIbHBIX 3HAYCHHHA K
OTPHIIATENILHBIM U 00PAaTHO, MTOCKOJIBKY 3TO CYIIECTBEHHO YIPOIIACT BHITIOJIHEHUE
MHOTHIX HABHTAI[HOHHBIX PACUECTOB.

C

A

+120°
-240°

|

Puc.2.20. ITonoXUTENbHBIN U OTPULIATENBHBIN OTCUET HAIPABICHUI

4. YucneHHOE BBbIpa)K€HHE OOpATHOro (IIPOTUBOMOJIOKHOTO) HaIpaBJICHUS
otnuyaetcst oT ucxonnoro Ha 180°. Ilo cymecTBy 0e3paznnyHo, NpUOABUTH WM
BbruecTb 180°. IlpocTo mpu HE OYEHb yAaUYHOM BBIOOPE OJHOTIO M3 3THX JBYX
BAPUAHTOB MOJKET TIOJYYUTHCS OTPUIATENIbHOE 3HAY€HUE, KOTOpOe IMpH
HEOOXOJAMMOCTH MOYHO BBIPA3UTh MOJIOKUTENbHBIM 3HAYEHUEM, WM 3HAYEHUE,
npesbliatoniee 360°, KOTopoe 3aTeM MOKHO «HOPMHUPOBATHY.

Hanpumep, eciu wumeercs HamparieHue 146° u  HeEOOXOIUMO HaWTH
o0paTHOE, TO MOJTYYUM:

146+180=326.

Ecau 661 MBI BMECTO TOTO, 4TOOBI TTpHOaBUTH 180, BBIWIM 3TO K€ YUCIIO, TO

MOJTYYHIIU OBI:
146-180= —-34.

Ho nanpasienue -34 - 3170 TO e HanpasjeHue, uTo U 326 (—34+360=326).

B apyrom mnpumepe, ecinu Obl Mbl 3aXOTENHM MOJYYUTh HampaBiCHUE,
oOpartHoe HamnpasyieHuto 250° u HeygauHo npudapuiu 180, TO Moayunau Obl:

250+180=430.

[Tocne nHopmupoBanus noayuum 430-360=70. ITOT pe3ynbTaT NOJIYYHSIA Obl
cpasy, eciu Obl He pubaBwin, a BeIwIn 180:

250-180=70.
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Obpamume @HUMAHUe: eclu K HAnpasieHuro npubasums uiu evivecms 180°,
noJyuaem opyzoe Hanpaeienue 8 nPoCmpancmee, NPOMuUEONOJI0OHCHOE UCXOOHOM).

[lone3Ho uMeTh B BUAY WM TAaKOW OYEBHAHBIA (DaKT, YTO €CIU HEKOTOpPOe
HaIpaBJeHUe ABaXIbl pa3BepHyTh Ha 180°, modxyduMm TO K€ caMOe€ HCXOJHOE
HaIpaBJICHHE.

OdeHb BaKHO HAy4YHUThCS OBICTPO B YM€ HaXOJUTh OOpaTHbBIC HaIpaBJiCHUS.
KoHeuHo, Ha mepBBIX MOpax YEJIOBEK BBHIMOJHAET apupMeTUYECKOoe JecTBUE
pUOABJICHNS WM BBIYUTAHUS, TO €CTh CUYMTAeT B ymMe. Ho mpakTuka mokasbIBaer,
YTO TIOCJI€ HEKOTOPOM TPEHUPOBKH YEJIOBEK IMPOCTO 3alOMHHAET, KaKoe
HaIpaBJIeHUE KaKOMY OOpaTHOMY COOTBETCTBYET. Tak 3a4eM CUHTATh KaKIBIA pa3
OJTHO U TO €, €CIM TOTOM BCE PABHO PE3yJIbTaThl caMu co0oif 3amomusTcs? He
Jydllle U UX BBIYYHTh ¢ camoro Hadana? Tem Ooiiee, 4TO 3alIOMUHATH-TO HAJ0 HE
Tak ¥ MHOTO. Beap MOXHO OOpaTHTh BHHMAaHHE, YTO IOCJIEC MPUOABICHUS WA
BeluuTanus 180°, mocnenHss nudpa yriia He HU3MEHSETCS: 317-180=137,
34+180=214 u 1.1.

CnenoBaTelibHO, HEOOXOJIUMO 3aIIOMHUTD TOJIBKO NApbl 0ecsimKo8 TPAIyCOB:

0~ 180; 10+ 190; 20+« 200; ....... 160 <~ 340; 170 < 350.

Ho u u3 »sTux map, HEKOTOpble HaBepHsiKa Yyxke 3anoMmHeHsbl: 0180,
90-270. Takum 006pa3om, 3alIOMHHUTH OCTAJIOCh Bcero 16 map.

[IoaTOMy ONBITHBIA TWJIOT WX IITypMaH I[E€PEBOJAUT HAINpPABJICHUS B
MPOTUBOTOJIOKHBIE CIECTYIOIIUM 00pa3oM.

Hano 295°. B mape ¢ 290° coctoutr 110° (3T0 y»e€ BBIYY€HO), MOCHECAHSSA
uudpa He U3MEHSETCs, 3HAUUT, 00paTHOE Hanpasienue 115°,

[lepeunciieHHbIE PEKOMEHIANMHA TO3BOJISIOT CYMIECTBEHHO  YIPOCTUTH
MHOTHE HaBUTAIIMOHHBIE pacyeThl. Hampumep, HEOOXOIUMO BBIUYHUCIUTH CYMMY
JIBYX HAIpPABICHUM: 236°+353°. «IIpsMoil» MaTeMaTH4YeCKHil pacyeT aaeT
236+353=589. [Ipuxoautcs HopMupoBaTh: 589-360=229.

Ho MoxHO cocuuTaTh W TO-APYroMy, BBIPA3MB OJIMH U3 YIJIOB Kak
orputiatenbHbiil (353=—7). [Tonyunm:

236+(-7)=2209.

Pe3ynbpTaT TOT %€, HO He MPUIILIOCH ONIEPUPOBATH OOIBIIIUMH YUCIAMHU.

Eme  mpumep: 198°+264°.  IlpsMbIM  pacueToM  MOJy4YyaeMm
198+264=462=462-360=102.

DTO e MOXKHO COCUUTATh TaK: Kadcooe U3 cllaraeMbIX pa3BepHeM Ha 180° —
cyMMma (pe3yNbTHpYIOIee HaNpaBJICHUE) OT dTOTO HE M3MEHHUTCS, TaK KaK MbI K
Hel npocto npubaBwim (Wi BeIwin) 360, ABaXKIbI pa3BEpPHYBIIUCH B OOpaTHYIO
ctopony. Torna ierko mosyunm 198+264=18+84=102.
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2.8. MarHuTHOE CKJIOHEHHE U NMPABUJIO YieTa MONPAaABOK

B HaBuranum B KayecTBe Hayalla OTCUeTa BBIOMPAIOT pa3IUYHbIC
HarpaBieHus. B reorpadguu, kak © BO MHOTUX JPYruX HayKax, a3uMyT (TICJICHT)
OTCUUTHIBAIOT OT CEBEPHOI'O HAINpaBIIEHUs reorpaduyecKoro Mepuanana.

B naBuranuu mro0oi reorpaduueckuii Mepuanad (Iyry OOJIBIIIOTO KpPyra,
MPOXOJISIIYIO Yepe3 MOIIOCHI) HA3bIBAIOT UCUHHBIM MEPUOUAHOM, @ U3MEPEHHbBIE
OT HEro HalpaBlIeHUs ucmuHHbiMy. Hampumep, UCTUHHBIA TMEJIEHT caMoJieTa
(UIIC), uctunnsiit kypc (MK) u 1.1.

Hcemunnwiii nenene camonema — 5mo y2o, 3aKII0OYEeHHbIL MeHCOy CeGepHbiM
HanpasieHuem UCMUHHO20 MepUOUaHa U HAnpagieHuem Ha camoaem.

B sTOoM onpenenennn o «CeBEpHOM HAMpaBICHUI YIIOMUHAETCS IOTOMY, YTO
B JIt0O0O0OH TOUYKE (KpOME MOJIOCOB) MEPUANAH HAIIPABJIEH KaK B CTOPOHY CEBEPHOTO
MOJII0Ca, TaK U B CTOPOHY IOokHOTro. Hayasio momnsipHOM cHUCTEMBbI KOOPAMHAT, TO
€CTh, OT KAKOW TOUKU OepeTcsi HalpaBJICHHE HA CaMOJIET, 3/1ECh HE YIIOMHHAETCH,
HO TI0/Ipa3yMeBaeTCsl B KaXKIOM KOHKpeTHoM ciyyae. Tak, ecnu UIIC nmonyuen c
NOMOUIbIO HA3EMHOT'0 paJroMasika, TO MOAPa3yMEBaeTCsl HAPaBJIECHUE Ha CAMOJIET
OT ATOTO pajioMasika.

OdveHb 4YacTO B HaBHUTallMd B KayeCTBE Hadajlla OTCUETa HCIIOJIb3YeTCs
CEBEPHOE HanpasieHue MAacHUmMHO20 Mepuouauna. JIeno B TOM, 4YTO OJHUM W3
JPEBHEUIITNX HABUTAIMOHHBIX MPUOOPOB SIBISAETCS MATHUTHBIA KOMIIAC, TIOSTOMY
MOJTyYEHHBIE C €T0 TIOMOIIBIO HAMIPABJICHUS HA3bIBAIOTCS MATHUTHBIMH.

3a ceeepnoe mHanpagnenue MACHUMHO20 MepUOUana 6 OAHHOU MOUKe
NPUHUMAEMmCs — Hanpaeienue  20PpU3OHMANbHOU  COCMAGIAIowWel  8eKmopa
HANPsA*CeHHOCMU MACHUMHO20 NOJs 3eMau 8 OaHHOU moyke. ITO HAIIpaBJICHHUE HE
COBMAJaeT C HaNpaBlIEHUEM WCTUHHOTO MEpPHAMAaHA U3-32 HECOBIAJICHUS
MarHUTHBIX U TeorpaduuecKuX MOJIOCOB M M3-3a HEPAaBHOMEPHOCTH MArHUTHOTO
oJIst 3eMIIH.

Maenumnoe cknonenue AM — yeon, 3aKnOYeHHBIN MedHCO)Y CEBEPHBIM
Hanpaegnenuem UCMUHHO20 U MASHUMHO20 Mepuouaros 68 oauuot mouke. OHO
OTCUYHUTHIBAETCS OT UCTUHHOTO MEPUANAHA K BOCTOKY CO 3HAKOM ILIIOC, a K 3arajty

— ¢ muHycoM (puc.2.21).
a) Cu Cm 6) Cm Cn

- —

AM AM

4 b

Puc. 2.21. MarautHoe CKJIOHEHHE
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Ha aHrmiickoM s3bIKe IS HUCTHHHBIX  BEJIUYHMH  UCIOJB3YETCS
npuiarateapbHoe true, a aias MarHMTHBIX — Mmagnetic, mampumep, true bearing.
MarnuTtHoe cKIIOHeHHe — magnetic variation uiu mpocTto variation.

B pazmuunbix Toukax 3emum AM pa3zHoe U MOKeT MeHAThcs oT —180° mo
+180°. IlpaBaa, oueHb OOJBIIME 3HAYEHUS HAOIIOJAIOTCS, KaK MPaBUJIO, JUIIbL B
palioHe MarHUTHBIX U reorpaduIecKuX MOIIOCOB.

Onpenenuty BenwuuHy AM B 000 TOYKE  MOXHO C TIOMOIIBIO
a’pOHABUTAIMOHHBIX KapT, Ha KOTOPBHIX HAHECCHBI JIMHUHU, COSTUHSIONIUE TOYKHU C
OJIMHAKOBBIM MAarHUTHBIM CKJIOHEHHEM, — U3020Hbl. Ha a’poHaBHTallMOHHBIX
KapTaxX W30TOHBI HAHOCST ITYHKTHPOM KPacHOTO IBETA, a Ha paJMOHABUTAIIHOHHBIX
(MapLIPYTHBIX) — rOIyOOro0.

Jlst Toro, 9TOOBI y3HATh MAarHWUTHOE CKJIOHCHHWE B HMHTEPECYIOIIEM MECTE,
HY’KHO HalTH OJIMKaUIIYI0O K HEMY H30TOHY.

Cu
Cwm
t

AM

Puc. 2.22. UCTUHHBIA U MATHUTHBIN MEJICHTH caMoJIeTa

Ecnau u3mepsaTh 0HO M TO K€ HAIpaBJIEHUE OT UCTUHHOTO WJIM MAarHUTHOTO
MepHU/IMaHa, UX YHCICHHbIC BBIPAKEHHUS OYIyT pa3IMYHBIMU M OTJIMYATHCS Ha
Benuuny AM (puc. 2.22, AM n300pa)keHO MOJIOKUTEIBLHBIM).

[TumoT ¥ WTypMaH AOJMXKEH O€30IIMOOYHO YMETh MEPEXOJIUTh OT OJHOMI
CUCTEeMbl OTCUeTa K JApyroi. 3Has MarHUTHBIM meneHr camoieta (MIIC) moxxHO
Haiitu uctunueiil (UI1C) u Hao6opoT:

MIIC=UIIC — 4M,
NIIC=MIIC + 4AM.

Otu ke (HOopMyJibl OCTaHYTCSl CHPABEUIMBBIMU M ISl OTpuULaTeabHOro AM.
Pazymeercs, B 3TOM ciydae HY>XHO IOJb30BaThCS OOLICTIPUHATHIMU TPaBUIIAMHU
MaTeMaTuKH (IJII0C HA MUHYC J1a€T MUHYC, MUHYC Ha MUHYC JaeT IUIIOC U T.1I.)
HaIpuMep:

WUTIC=219°, AM =-5° MIIC=219— (-5)=224.
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BooOmie, Bce BenWuuMHBI, KOTOpPhIE WMEIOT 3HAK (B ToM uucie AM) B
HABUTALUU NPUHAMO 3ANUCHIEAMb CO 3HAKOM, MO eCmb NIIC He NPONYCcKaemcs.
HenpaBunbsHo nucats AM =5, a npaBunbHo AM =+5. D10 Kak Obl MOATBEPKIIAET,
YTO 3HAK UMEHHO IIIOC, & HE YTO €ro, BO3MOXKHO, 3a0bLITN HAITUCATh.

B HekoTOphIX yueOHUKAX, YTOOBI HAIIOMHUTD O HAJMYUM 3HAKA Y BEJIMYUHBI U
HEO0OXOJMMOCTH €ro yueTa, 3TH ke OpMYJIbl 3aMHUCHIBAIOT, HAIPUMED, TaK:

NIIC=MIICH+(£ 4AM).

Bo3moskHo, Takas (opma 3amicy MpUBUIIAcCh C T€X BPEMEH, KOT/Ia JIETYHMKOB
st KpacHoil ApMuM roTOBWIM U3 JIMIL ¢ 00pa3oBaHUEM ceMb KiiaccoB. Celyac,
KOIrJla BCE HMEIOT cpeaHee oOpa3oBaHME M MPOXOJWIM B IIKOJE anreopy,
HAITOMUHATh O HAJIMYNH Y BEIMYUHBI COOCTBEHHOTO 3HAaKa SIBHO M3JIHUIITHE.

Takum o6pazom, npu nepexoge oT MIIC k UIIC marnutHOE CKIOHEHUE
HYKHO NpubaButh, a npu nepexonae or UIC k MIIC — Beruects. Pazymeercs, 3To
MPaBUJIO CIPABEJIMBO M TOTJIA, KOTJIa paCCMaTpUBAETCs HE IMEJIEHT, a KaKoe-Tuoo
JIpyroe HampaBJI€HUE. KypC, MyTEBOM yrojl W T.I. 3allOMHUTH 3TO MPABUJIO,
KOHEYHO, HETPYAHO, a €CIM 3a0bUl — JIETKO BCIIOMHUTH, HApUCOBAB YTO-TO
HamonoOue puc. 2.22 W BBIABUB COOTHOIICHHUS MEXIy HaIpaBICHUSMU,
MU3MEPSIEMBIMUA OT UICTUHHOTO ¥ MarHUTHOTO MEPUIUAHOB.

OmHako JeI0 OCJOXKHSIETCS TeM, 4YTO B KauecTBE Hadalla oOTcyeTa
UCIIOJB3YIOTCS W JIPYrMe HampaBJCHHUS. KOMIIACHOTO, YCJIOBHOTO, OIOPHOIO
MepuaraHoB U T.J. COOTBETCTBEHHO TMOSBISIOTCS M JIPyTHE€ Pa3sHOBUIHOCTU
MOINPaBOK, kKpome  AM, nmda mepexona OT OJHOTO MepuawaHa K apyromy. U
KaXJas U3 HUX MOKET UMETh CBOM 3HaK. M 31ech yxe pa3o0paThCcsi B «Beepe»
MEpHUIMaHOB HE TaK TPOCTO.

BwmecTte ¢ TeM nepexoauTh OT MEpUJIMaHa K MepuIuany HeoOX0auMo ObICTPO
u 0e3omuO0uHOo. JIJis ATOr0 HMCMONB3YeTCs TaK Ha3bIBAEMOE «HNPAUIO yuema
nonpagox 6 Hasucayuuy. OHO MOJPAa3yMEBAET, YTO Mbl HCIIOIb3YEM IOIPABKH,
YTOOBI «IOMPABUTHY», CKOPPEKTUPOBATH KaKOE-THO0 HETOYHOE 3HAUCHHUE (OOBIYHO,
MoKa3zaHusi mprubopa) U MOayduTh OoJiee MpaBUIBLHOE, TOYHOE 3HadeHue. Moxker
OKa3aThCsl HEOOXOIMMBIM BHECTH HECKOJIBKO MOTPABOK, KOTOPHIE HE 005S3aTEIbHO
CBSI3aHBI C HETOYHOCTHIO TPUOOPOB, @ MOTYT OBITH BBI3BAHBI IIPOCTO MEPEXOIOM OT
OJTHOTO HayaJia 0TcuyeTa K Ipyromy (Kak B ciydae ¢ AM).

B npornecce mocienoBaTebHOTO yueTa MOMPaBOK U3MEPEHHOE (ITPUOOPHOE)
3HAQYCHUE CTAaHOBUTCA Bce 0ojiee  MpaBUJIBHBIM WM, Kak TOBOpAT, OoJiee
«UCTUHHBIMY». [IpaBWiio ydeTa TMOMpPaBOK MOXKET OBITh CHOPMYITUPOBAHO
CIIEAYIOIIMM 00pa3oMm.

Ilpu nepexooe om npuOOpHbIX GeIUYUH K  UCMUHHBIM  NONPABKU
npuUOABNAIOMCs, A Npu nepexooe om UCMUHHBIX K NPUOOPHLIM — 8bIUUMAIONICSL.

[IpumenutenpbHO K yueTy AM 3TO TPaBWIO MOXET OBITh MPUMEHEHO
clenyronmuM 00pa3oM. MarHWTHBIA MepuIuaH Kak Hadajlo OTCUeTa, KOHEYHO,
ABIISETCST OoJee «IpUOOPHBIM», HYE€M WCTUHHBIM, TMOCKOJbKY OH CBSI3aH C
MarHuTHbIM Komnacom. IloaToMy mnpu mnepexoie OT MarHUTHBIX BEJIWYUH
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(TeseHroB, KypcoB U T.II.) MATHUTHOE CKJIOHEHHUE HEOOXOIMMO TIPUOABIISTH, a TIPH
nepexofe OT HCTUHHBIX K MAarHUTHBIM — BBIYUTATh, Pa3yMEETCs, C Y4YETOM
coOCTBEHHOr0 3HaKa AM.

Ceiiuac, Korjma paccMOTpeHa Bcero ojHa nomnpaBka (4M) mone3HocTh u
yI0OCTBO MpaBuiia ydyeTa MOMpPaBOK HE OYEBUIHBI, HO MO MEpe TOro Kak OyayT
MOSIBJISITHCS HOBBIE BU/JIbI TIOTIPABOK (M HE TOJIBKO JUISI YTJIOBBIX BEJIUMYMH), «MOIIb
ATOrO0 TMpaBWiia CTaHeT sBHOM. OJHO MNPaBWIO 3aMEHUT JECATKH (popmyl,
MpeaHa3HAYCHHBIX VISl IEPEX0/ia OT OJHUX BEJIUYHUH K JPYTHUM.

B aHrmos3pUHBIX ydeOHUKAX MO0 HABUTAIMH TOX0XKEE TMPABWIO TIPUBOIUATCS
B CIIETYIOIIEM BUJIE.

«Variation west — magnetic best. Variation east — magnetic least».

JIoc10BHO 3TO O3HayaeT: «MarHuTHOE CKJIOHEHHE 3allaJHO€ — MarHUTHBIM
(kypc, meneHr) mydyiie (TO ecThb, OONbIIE MCTUHHOTO). MarHUTHOE CKJIOHEHHUE
BOCTOYHOE — MAarHUTHBIA (Kypc, TEJNEeHr) HauMEeHbIINH (TO €CTh, MEHbIIE
HCTUHHOTO)».

2.9. HapuranmoHHbie U MUJIOTAKHBIE DJIEMEHThI

Iunomasicuvie 31emenmspt. HaBuranys W NOUIOTHPOBAHUE  SIBIISIIOTCA
nporieccamu ymnpanieHus JBrwkeHueM BC. UToObl ONUCHIBaTH 3TO JBUKEHUE,
UCIIOJB3YIOTCS  BEJIMYMHBI, HA3bIBAEMbIC HABUTAIIMOHHBIMU M MUJIOTAXHBIMU
3JIEMEHTaMH.

Ilunomaosicnvie s1emenmovl — Mo CKANAPHbIE 8EIUUUNHBL, XAPAKMeEPU3YIouue
yenogoe nonodicenue BC 6 npocmpancmee

[Tockonbky mpocTpaHcTBO TpexmepHo, BC, kak u mr000€ Telo, MOXKHO
BpAalllaTh BOKPYT TPEX NEPINECHAMKYISPHBIX ocer. [loaTomy yriioBoe mosoxkeHue
BC xapakTepusyroT Tpy BETUYHHBI: KPEH, TaHTaX U Kypc (puc.2.23).

Kpen (roll) y — o310 yron Mexay ropu30oHTaIbHOM MIIOCKOCTBIO U TMONIEPEYHOM
ocbro BC.

Taneaxc(pitch) — yroa Mexxay TOPH30HTAILHOM IJIOCKOCTBIO U IPOJOIBHOM
ocsto BC. Ecau oH nosoxuteneH, «Hoc» BC nmoaHsAT BBepX, a €CiIM OTpUILATEICH

— OHYI_HeH BHU3.
C
K
o
J\
[ KpeH TaHraxb\ T~ S
U

Puc. 2.23. [TuoTaxHbIE 3JIEMEHTHI




50

Kypc (heading) y — yrom B rOpU3OHTaIBHOHN IUIOCKOCTH, 3aKJIFOYSHHBIH
MEXJy HalpaBlIEHWEM, MPUHATHIM 3a HA4yall0 OTCUeTa W MPOEKUHMEeW Ha 3Ty
IJIOCKOCTB MpoaosibHOM ocu BC.

Ecnu npoponbsHas ock BC ropusoHTalibHa (TaHTaX PaBEH HYIIO), TO MOXKHO
CKazaTh MPOIIE, YTO KypC — ATO YToJI, MEXK/y HAlpaBICHUEM, TPUHATHIM 32 HA4YAJIO
OTCUETa, ¥ MPOJAOJIHHOMN OChIO caMOJIeTa.

N3MmepsieTcs Kype, Kak M IEJIEHT, o 4yacoBou crpenke oT 0° mo 360° . B
KaueCTBE HAIpaBJICHUs] Hayajla OTCUETAa HCIOJb3yeTCS CEBEPHOE HaIpaBJICHUE
MepHUIMaHa — UICTUHHOTO, MAarHUTHOTO WJIU JIIOOOTO JPYroro.

K nuiioTaxHbIM 3j1eMEHTaM MOXHO OTHECTH U MPOU3BOJIHBIC KpEeHa, Kypca U
TaHraxka, TO €CTh YTJIOBbIE CKOPOCTU UX U3MEHEHHS, HO OHU HaM HE MOHA1005TCS.

Haesuzayuonnvie nemenmul. Hasucayuonmvie snemenmsl — CKAIApHbIE
8eIUYUHBL, Xapakmepuzylowue nouoxcenue u nepemeuienue BC ¢ npocmpancmee.
COOTBETCTBEHHO OHU Pa3JIESAIOTCS Ha HAaBUTAIIMOHHBIC JIEMEHTHI MOJOKEHUS U
HaBUTAIIMOHHBIE 3JIEMEHTHI IBUKEHUS.

Hasueayuonnvie snemenmsl nonodcewuss — O5TO BEIWYUHBI,  KOTOPBIE
MOKA3bIBAIOT, B KakOM Touke mpocTpaHcTBa Haxoautcs BC. OueBuaHO, 4YTO
HAaBUTAIIMOHHBIE 3JIEMEHTHI MOJIOKEHHUS 3TO HE YTO MHOE Kak kKoopauHaTel BC B
100011 crucTeMe KOOpArHAT.

Hasueayuonnvie snemenmol 08udcenus XapakTepu3yroT, Kak MepeMeniacTcs
BC B nipocTpaHcTBE. DTO BEIIMYMHBI, OMUCHIBAIOIINE CKOPOCTh U yckoperue [IMC.
[IpaBna, CKOPOCTh U YCKOPEHUE — BEJIMYMHBI BEKTOPHBIC, TO €CTh HUMEIOT MOAYJIb
W HampaBliecHHE. A Belb HaBUTAI[MOHHBIE SJEMEHThl B COOTBETCTBUH C
MIPUBEICHHBIM OMNpPEACICHUEM JOJKHBI ABJSThCA CKaysipamMu. OJIHAKO TMOHATHO,
YTO BEKTOP MOXHO OIMHUCATh JBYMsI CKaJISIPHBIMHU BEJIMYMHAMU: MOAYJIEM U YIJIOM,
XapaKTepU3yIIMMHA €r0 HampaBjieHUE, JIMOO KOMIOHEHTAMU (COCTaBJISIFOIMMM )
BEKTOpA MO OCAM KOOPJIMHAT.

Camu TOHATHS JOBUKEHHS U TOKOSI OTHOCUTEIbHBI. UeNoBeK, JETAIUN B
CaMOJIETE, OTHOCHUTEJIbHO HETO HEMOJBHKEH, 2 OTHOCUTEIIBHO 3€MIIM JIBUKETCS.
TouHO Tak ke JBMIKEHHE CaMoJIeTa MOYKHO pPAaccMaTpuBaThb OTHOCUTEIBHO
BO3YILIHOM Macchl, B KOTOPOW BBIMOJIHAETCSA MOJIET U Ha KoTopyto BC onupaercs,
100 OTHOCUTEILHO 3eMJIH.

Ucmunnas eo30ywnas cxopocms V, — 310 ckopocTh mepemernienus BC
OTHOCHUTEIIbHO BO3AYIIHOW Macchl. IHOTIa KpaTKo €€ Ha3bIBAlOT MPOCTO UCTUHHOU
CKOpOCThIO M 0003Ha4yaroT mpocro V (ecid wW3-3a 3TOr0 HE BO3HUKHET
HEJIOPa3yMEHUM, TIOCKOJIbKY CYIIECTBYIOT M JpYyrde BHUJBl  BO3IYIIHBIX
ckopocTeii). [To-anrmuiicku 3Ta ckopocTh obo3Hauaetcs TAS (true airspeed).

OmHYM W3 HABUTAIMOHHBIX JJIEMEHTOB JBIKCHHUS SIBISCTCS MOJYJIb
(abcomoTHasi BEJIMYMHA) ITOM CKOPOCTH, KOTOPHIM  Ha OOJBIIMHCTBE JTAaroB
noJjieTa NPUHATO M3MEPSTh B KHJIOMETpPax B 4ac, a MPH 3aX0Jie Ha MOCAJKy — B
METpax B CEKyHY.

JpyruM HaBUTallMOHHBIM JJIEMEHTOM JBHJKEHUS, CBSI3aHHBIM C HTUM
BEKTOPOM CKOpPOCTH, SIBIISIETCSI YIOJI, XapaKTEPU3YIOIIHMI €ro HampaBieHUE
OTHOCHUTEJIILHO MEpUJuaHa. Y CaMOJIETOB MCTHUHHAs CKOPOCTh HamlpaBi€Ha TyJa
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e, KyJa HaIlpaBJIeH BEKTOP TITW JBUTaTesiedl (BeAb MMEHHO HU3-3a ATOU TTH
caMoJIeT JBUKETCS ), TO €CTh MPUMEPHO IO HAIMpPaBJIEHUIO MPpoaoiabHoM ocu BC.

Ha camom pnene u3-3a HECUMMETPUYHOCTH TATH HANpPaBJICHUE WCTUHHON
CKOPOCTH HE COBCEM COBIIAJIAE€T C MPOJ0JIbHON ockto BC, cocTaBisis ¢ HEW yrod,
HA3bIBAEMBIA ad9poouHamuieckum yenom cHoca (B a’pOJAMHAMHKE HCIOIb3YETCs
TEPMUH «YTOJI CKOJIbKEHHUs»). Ho /uisi caMoneToB 3TOT Yyroyl Ha YCTaHOBUBIIMXCS
pexuMax Mojera Majl U COCTaBISeT JOJM TpajyCcoB, MOSTOMY B a’pOHABHUTallUU
OOBIYHO HE yudHThIBaeTCs. Jlpyroe memo il BEpTONETOB. Y HHUX HCTHHHAs
CKOPOCTb CO3/JA€TCSI HE HEMOCPEACTBEHHO JBUTATENIIMH, a TOPU30HTAJIbHOU
COCTaBIISIONIEH TSArU Hecyllero BUHTa. OHa B MPUHIIMIIE MOXET ObITh HallpaBJicHa
B JI00YI0 CTOPOHY — BEIb BEPTOJIET MOXKET JIETETh U OOKOM, U XBOCTOM Briepea. Y
BEpTOJIETa JaXe B YCTAHOBUBIIEMCSA IIOJETE [0 MAapLIPyTy BCJIEACTBUE
0COOCHHOCTEM 00TEKaHMS €ro BO3AYXOM a’pOJAWHAMUYECKUN YTrOJ CHOCA MOKET
JOCTUraTh 4—5°, a MpU TPAHCIOPTUPOBKE TPy3a Ha BHEIIHEH MOJBECKE U OOJIBIINX
3HaueHud. B mosere ero HeoOXOAMMO ONPENEIUTh M YYUTHIBATH BO BCEX
HaBUTAIIMOHHBIX PacyETax.

Takum 00pa3oM, MOMXHO CUMTaTh, YTO BEKTOP HCTUHHON BO3IYyIIHOMN
CKOPOCTH ) camojiema HalpasJieH M0 €ro npoaosibHoi ocu. Ho 3To HanpasieHue,
OTCUMTAHHOE OT MEpHUAMaHa, €CTb HE YTO HHOE€ KakKk Kypc caMoJeTa.
CrnenmoBarenbHO, Kypc SBIETCS MJIA CaMoJieTa KaK MWJIOTaXHbIM, TaK U
HaBUTAIIMOHHBIM 3JIEMEHTOM (puc.2.24).

Cm
A

b,

Puc. 2.24. UctuHHas BO3AYIIHASI CKOPOCTh MU MArHUTHBIN KypC

[lepemerienre camosieTa omHoCUmMeNbHO 3emau XapaKTepUu3yeTcsi BEKTOPOM
noanou cxopocmu W, (puc.2.25). B o6miem ciyyae OH HalpaBlIeH K TOPU3OHTY
I0JT YIJIOM, Ha3bIBaeMbIM yernom Haxnona mpaekmopuu 6 (vertical path angle).

BekTop mMOmHOW CKOPOCTHM MPUHATO PaCKIabIBaTh HA BEPTUKAIBHYIO U
TOPU3OHTAJIBHYIO COCTABIISIIOIIME. BepTuKanbHas COCTABISIONMIAs HA3BIBACTCS
6epMUKanbHOU  ckopocmblo W obosHadaerca  V, wmiam V,. 3ameTuM, 4TO
BepTUKabHOE TiepemenieHre BC OTHOCUTENBHO BO3AyXa U OTHOCUTEIHHO 3eMiin



52

MPAKTHYECKH OJMHAKOBO, €CJIM, KOHEYHO, CAMOJICT HE IOMaJl B BOCXOISIIANA WU
HUCXOJSIIINN TTOTOK BO3/yXa, YTO OBIBaET HE TaK YacTo.

Ha aHrnmiickoMm si3bike UCTIOB3yIOTCs TepMuHbl rate of climb (Beprukanbhas
CKOpoCTh Habopa BeICOTHI) U rate of descent (BepTukanbHas CKOPOCTh CHHKCHHS ).

W,

uc.2.25. [lonHasi, BepTUKaIbHAs U IyTE€Basi CKOPOCTHU

BeprtukanbHas CKOpOCTh M3MEpSIETCS B METpax B CEKYHIY, a 3a pyOekoM
uHorga B ¢yrax B muHyty (1 m/c = 197 ¢/mun). Benuunna ropuzoHTanbHOU
coctapisitomedl W, 1o, IPaKTUYECKNU COBHANAET C BEJIMYUHOHN MOJHOH CKOPOCTH,
MOCKOJIBKY JIJISl TPQXKIAHCKUX CaMOJIETOB O OOBIYHO HE TpeBbIIaeT 5S—7°.

Hnsa  xapakrepuctuku nepememiennss BC  oTHocutenbHO 3eMiu B
TOPU30HTAJILHOM HAIlPaBJICHUU OOBIYHO HCIOJIb3YeTCS CKOPOCTh, Ha3bIBacMas
IIyTEBOM.

Ilymesas cxkopocms W (ground speed, GS) — 3T0 CkOpOCTh TepeMEIICHHS
MC no 3eMHOIi TOBEPXHOCTH.

Camornet (ITMC) nBukeTcsi B IpOCTPAHCTBE, COOTBETCTBEHHO MEePEMEIIAcTCs
u ero mpoekinuss Ha 3eMHYI0 moBepxHocTh (MC). Crtporo roBops, myTeBas
CKOPOCTh HE COBMAJAaeT C TOPU3OHTAIBHOW COCTaBIIAIONICH MOJHONW CKOPOCTU
W, rop M3-3a KpuBU3HBI 3emid, nockosbKy MC nepememaercs no 3emine, a [IMC —
Ha BbicoTe. Ho pa3Huiia 3Ta 1 BceX BBICOT, HA KOTOPBIX BBIMOJIHSIOTCS TOJIETHI B
aBUallMM, COBEPIIEHHO HE3HAYMTENIbHA U €10 MOXKHO CMeJo npeHeOpedb. MoxkHO
CUMTaTh, YTO MyTEBas CKOPOCTh 3TO U €CTh CKOPOCTh TOPU3OHTAIIBHOTO IBMYKCHUS
BC oTHOCHTENBHO 3EMIIH.

Hanpaenenue eexmopa nymesou cxkopocmu OMHOCUMENbHO MePUOUAHA
Haszvieaemcs axmuyeckum nymeevim yeaom [y, (@I1Y). B 3aBucuMoctH OT
BbIOpAaHHOTO MEpHAHaHa MOKHO MCIIOJIb30BaTh (PAKTUUECKUI MarHUTHBIN MTyTEBOI
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yron (OMILY), daktuyeckuii uctunnpii myteBoit yron (OUITY) u apyrue ero
BUJIBI. VI3MEpSIOTCS MyTeBBIC YIJIbI, KAK KYpPChI U TICJICHTH, 10 YaCOBOM CTPEIIKE OT
0° mo 360° (puc. 2.26).

[Mo-aurmuiicku PITY — 1o actual track angle, To ectb moci0BHO — yrodi
(dakTHUecKoW JUHMM NMyTH. Ha mMpakTHKe 3TO BBIPAKEHHE YacTO HCIOJB3YIOT B
cokpareHHoM Buje — actual track wmm mpocto track (TK). Takum 06pa3oM, CI0BO
track, o0o3Hauaromee caMy JIMHUIO IyTH, MOXET HMCIIOJIb30BaThbCS M B 3HAYCHHH
IYTEBOTO yIja, XapaKTePU3YIOIIEro HalpaBICHUE 3TOW JIMHUH ITyTH.

a W
oy Ll

MC

W

Puc. 2.26. ®akTtrueckuil myTe€BOU yrou

O4eBuHO, YTO BEKTOp MyTeBOi ckopoctn W HampaBieH MO HalpaBICHHUIO
JI®II B pmannHou touke. Ecimu JIDII xpuBas, 3a ee HampaBiieHHME NPUHUMACTCS
HalpaBJeHUE KacaTellbHOW K Heil. JleiicTButenbHO, Beap 3a cuer W wmecto
camoJiera u nepememaercs, onuceiBas JIOIL. [Toatomy PITY mMoxkHO onpenennuTsb
TAKXKE KaK Y20/, 3aKIIOUEHHbIU MeHcOy CeBePHbIM HANpasieHuem Mepuouara u
Hanpaesneruem JIDII ¢ oannoti mouxe.

2.10. 3apanublii nyTeBoi yroJ u ycjaosue nojaera no JI3I1

OITY xapakTepusyer HampaslieHue gaxkmuueckoeo nepemenienus BC, kyaa
OHO JIBIKETCSl Ha camoM Jnieie. Ho donorcno BC niepememiarbest Boab JI3II, 3Hauut
10 HEel W JTOJDKEH OBbITh HaIpaBJeH BEKTOp MyTeBOHM ckopoctu. [loaToMy MOKHO
BBECTH MOHATHUE 3A0AHHO20 TIYTEBOTO yTJa.

3aoannwviii nymesoti yeon [, (3[1Y) — yrona, 3akatOUeHHBIM MEXIy CEBEPHBIM
HaIpaBJICHUEM MEPHINAaHA U JIUHHUEH 3aaHHOro yTH (puc.2.27).

OH MoOxeT orcuuThiBaThcsi OT uctuHHOrO (3UITY), marautHoro (3MIIY)
MEpPUANAHOB WJIM KaKOTO-TMOO JPYyroro HaNpaBJICHHs, MPUHATOTO 3a HAYAJO
orcueta. Kak u y apyrux yrioB (IejieHra, Kypca), JAuara3oH €ro BO3MOKHOTO
n3MeHeHus cocrtasisgeT oT 0° mo 360°.

Ha anrmuaiickuii 3ITY nepeoautcs kak desired track angle (mociosHo — yroma
JKeJTaeMo# JIMHUM MyTH), Wik cokparienno desired track (DTK).
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3aiaHHBIA IYyTEBOM  yroj JIOHKeH OBITh  OINpeneseH BO  BpeMs
NpeIBapUTEIbHON MOATOTOBKM K TIOJIETY M HAHECEH Ha MOJeTHYIo Kapty. Ha
MOJICTHOM KapTe HAHOCSTCS 3aJJaHHbIE MacHUmHble MyTeBble Yl (puc. 2.28).

C

A

%,

Puc. 2.27. 3apaHHblii yTEBOM yroi

Puc. 2.28. Hanecenne 3MIIY nHa noseTHOM KapTe

3agaHHbIe TyTEBbIE YTIIbI HE 3aBUCIT OT MECTOMNOJIOXKeHUs U aABvxkeHus: BC,
OHM BO BpeMsl IOJIETa OCTAIOTCA MOCTOSIHHBIMH, €CJIM TOJIbKO MOYeMYy-JTU00 He
M3MEHUJICA caM MapiIpyT nojieta. @akTUYecKHe ke MyTEBbIe YIIIbl AKUIAX MOXKET
U3MEHATh, MEHSIS KYpC.

3agavya MUJIOTa W IITYpMaHa COCTOMUT B ToM, 4ToObl MC nepemeniaioch 1o
JI3IL, To ecTh 4TOOBI (pakTHUECKAs JIMHUSA MMyTH COBMajaja ¢ 3aganHou. [nst atoro

HEO0OXOMMO BBITIOJITHEHHE JIBYX YCIOBHIA:
JIBY=0; O®ITY=3I1V.
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BpinonHeHHs: TOMBKO OJHOTO M3 3THX ABYX YCIOBHM HENOCTAaTO4YHO. Ecinu B
Kakoh-1100 MomeHT BpemeHu camosieT Haxoautcs Ha JI3IT (JIBY=0), Ho BekTop
nyTeBoil ckopocTH He HampasiieH 1o JI3II (OITY # 3I1Y), To yxe B cleayouryro
CEKyHIly caMoJeT oT Hee ykioHuTtcs. Ecin ke OIIY=3I1Y, no BC He HaxoauTcs
Ha JI3II, To ono Oyzet nereTs napayiensHo el (puc. 2.29).
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Puc. 2.29. Ycaosue nonera o JI3I1

2.11. ABHallMOHHBIE KAPTHI

Kapra — ycnoBHoe wu300pakeHHE 3€MHOW MOBEPXHOCTH, SIBISIOLICECS
0TOOpaXEHUEM IMOBEPXHOCTH 3€MHOTO 3JUIMIICOM/IA HAa IUIOCKOCTb, MOCTPOCHHOE
0 OIPEACIIECHHOMY MaTeMaTUYECKOMY 3aKOHY, Ha3bIBAEMOMY ITPOECKIMEN KAPTHI.

B oTinuune ot maHa, KOTOPbIA M300pakaeT HEOOJBIION y4acTOK MECTHOCTH
(HanpuMep, IUTaH 3JaHUS WM CaJ0BOIO Y4acTKa) M MPHU MOCTPOCHUH KOTOPOIO
MOBEPXHOCTh 3€MJIM MOKHO CUMTaTh IJIOCKOM, KapTa OXBaThIBAET 3HAUYUTEIBHO
OOJBUIYI0O TEPPUTOPHUIO, HA KOTOPOM KpPHUBU3HOM 3eMJIM MpEeHeOpedYb HEINb3sl.
[ToBepxHOCTh cdepbl, a TeM Ooyiee SIUIMICOM]IA, HEBO3MOXKHO H300pa3uTh Ha
I0CKOoCcTH 0Oe3 uckaxkeHuid. M3o0paxeHne Hem30exHO OyIEeT Ie-TO PacTIHYTO
WU CKaTo JIMOO Oy/IeT UMETh OECKOHEYHOE KOJIMUECTBO Pa3phIBOB.

PaznuuaroT MCKakKeHHs pacCTOSHUNA MexAy OObeKTamMu, YriioB (TIEJICHTOB,
MyTEeBBIX YTIIOB) U TUiomaaeil. M30exaTs Bcex BUJIOB UCKAKEHUI OJTHOBPEMEHHO
Ha OJTHOM M TOW K€ KapTe HEBO3MOXHO, HO MOXXHO BBIOpATh TAKYIO MPOEKIIMIO,
YTOOBI YTO-TO OJTHO TEPEAABAIOCHh 0€3 UCKAKEHUMN: TUOO0 YTIIbl, JIMOO pPacCTOSHUS
(mo kakoMy-n0O HampaBJIeHHIO), W00 miomaau. B aBuanuu pacrnpocTpaHeHbI
KapThl PasHOY20IbHble, HA KOTOPBIX YIJIBI HA KapTe€ paBHbI yriaM Ha MECTHOCTH.
DTO0 yI00HO, TaK KaK MO3BOJISIET CMENIO U3MEPSTh MEJICHTW U IyTeBblE YIJbl Ha
kapre. [IpaBna, mpu 3TOM HECKOJIBKO MCKaXarTCid PACCTOSHUSA, HO MPOEKIUU
BBIOMPAIOT TAK, YTOOBI 3TH UCKAKEHUS ObUIM HE OUEHb BEJIMKU.

Hcnonb3yoT Takke KapThl, BBINOJHEHHBIE B MPOU3B0JIbHBIX TPOEKIUSIX, B
KOTOPBIX €CTh UCKa)XEHUS BCEX AJIEMEHTOB KapThl, HO MPOEKIIUS MOJ0MPACTCS TaK,
YTOOBI 3TU UCKAKEHUSI ObUIM OYEHb MaJIbl B IIpe/iesiaX OAHOTO JINCTA KAPTHI.

OnHOM M3 OCHOBHBIX XapaKTEPUCTHK KapThl sBIsieTcs macwmabd (Scale).
Paznmuuaror rnaBHBIE W YacTHble MacmTaObl. [Ipexme dem oToOpaxkaTh
MOBEPXHOCTh 3€MJTM Ha KapTe, HEOOXOUMO €€ YMEHbBINUTh. MOKHO CUNUTATh, UYTO
3emiisi  CHauaja yYMEHbBIIAETCS O pa3MepoB T1io0yca, a 3aTeM  yxe
«pa3BOPAYMBAETCS» HA MIIOCKOCTD.
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I'nasnwiti macwuma6 — 3TO OTHOIICHUE JUIMHBI OTpE3Ka Ha riaolyce K AJIMHE
COOTBETCTBYIOILIETO €My OTpe3Ka Ha MECTHOCTU. MHBIMHU CIIOBaMH, 3TO CTENEHb
OOIIEro yMEHbIIIEHUs 3eMJId 10 pa3MepoB rodyca. Macimrad — 3T0 OTHOIIEHUE
(1poOb) M YMCIIEHHO 3amMchbiBaeTcs, Hanpumep, B Buae 1:500000. Ito o3Hayaer,
4YTO €IWHUYHOMY OTpe3Ky Ha riol0yce (O0JHOMY MUUIUMETPY, CAHTHUMETPY,
METpy...) cooTBercTByeT 500 ThICSY makux e OTPE3KOB (COOTBETCTBEHHO,
MUJUIUMETPOB, CAHTUMETPOB...) Ha MecTHOCTU. Eciau HeoOxoaumo 1isi ynoOcTBa
BBEISICHUTH, HANPUMEP, CKOJBKO B | CaHTUMETpE KHJIOMETPOB, HY)KHO IPOCTO
nepeBecTy KoyimuecTBO caHTuMeTpoB (500000) B kumomerpsl. O4eBUIIHO, s
ATOTO HY>KHO MBICIICHHO 3a4epKHYTh B 3HAMEHATes e APOOH TATh HyJieH (Tak Kak B
1 xunomerpe 100 000 cantumerpoB). Ilomyumrtcs, yto B 1 cm 5 kM (Tak
Ha3bIBaCMbBI HaTypaibHBIA MacmTal). [Tockompky macmTad — 3TO ApoOh, OH
CUHMTAETCSI TEM KPYITHEEe, YeM MEHbBIIIC 3HAMEHATETh.

['maBHbIl MacmiTad oOJAMHAKOB g Jr00od Todyku r1iodyca. Ho mpm
OTOOpaXKEHUH MOBEPXHOCTH TIyIo0yca Ha IUIOCKOCTh (KapTy) HEHn30eKHO
BO3HHMKAIOT UCKAXCHUSI — PACTSHKEHUs, CKATUS U T.1M. B Kax70il Touke KapThl UX
xapakTep OyzaeT pa3nuuHbiM. M naxke B OMHOM M TOW K€ TOYKE HMCKAXKCHUS,
HampuMep, IJIUH OyayT pa3HbIMU [0 Pa3jIMYHBIM HANpaBICHUSIM — Ha CEBeEp,
BOCTOK U T.1. COOTHOIIEHHE OTPE3KOB Ha KapTe M Ha riIo0yce XapaKTepHU3yeTcs
yacTHbIM MacimTaboM. OH pa3jaudyeH B KaXJAOW TOYKE KApThl U IO KaXKIOMY
HaIlpaBJICHUIO.

Ha xapte Bcerna 00o3HaueH IIaBHBIA MacmiTad U HY)KHO MOMHHUTh, YTO Ha
cCaMOM JIeJie B Pa3HbIX MECTaxX KapThl MACIITAOBI OTIIMYAIOTCS OT HETO.

JInst BBIMIOJIHEHMS TOJIETOB IO MpaBujaM moJjietoB mo npudopam (IIIIIT)
OOBIYHO HCTIONB3YIOTCA KapThl MacmTada 1:2000000 (B 1 cm 20 km). s moneTos
O MpaBUJIaM BU3YaJIbHBIX MOJETOB MUCMOJIb3YIOTCS KapThl Maciitada 1:1000000 (B
lem 10 kM) m 1:500000 (B Icm 5 km). B HEKOTOpBIX cllydasix, HallpuMep, Mpu
ChEMOUHBIX TOJIETaX, Korjga TpeOyercss Oosiee BBHICOKAs TOYHOCTh HaBUTAIIUH,
UCIIOJIB3YIOTCS KapThl 1 OoJiee KpynmHbIX MaciTabos (1:200000 u kpymHee).

B kadectBe 0030pHOW (BCIOMOTaTeNbHOW WM, KaK TOBOPAT, OOPTOBOIL)
KapThl MOTYT HCIOJB30BAaThCs KapThl U OOJiee MENKUX MaciTaboB (Hampumep,
1:4000000).

Ha aHrnuiickoM si3bIke KapThl, UCIOJIb3yEMbIE ISl HAaBUTAIlMW, 0003HAYAIOT
obmuM tepmuHoM aeronautical charts, B oTimune oT 0OBIMHBIX TeorpadUUECKUX
KapT, I KOTOPBIX MCTOJB3YETCsS TEPMUH Map.

B aBuanum wCTIONB3YIOTCS pa3jIMvHbIE KapThl B 3aBUCMMOCTH OT MacIiTaoa,
MPOEKIUU U HArpy3KkH (TO €CTh TOTO, Kakasi MH(OpMaIus Ha HEll HaHECEeHa).

AspoHasucayuonusvle Kapmul, BBIINYCKAIOIIMECSs B Hallled CcTpaHe Ha
MPOTSHKCHUH MHOTHX JCCATHIICTHH, TOXO0XH Ha OOBIYHBIC Teorpaduveckue, HO
ABJISIOTCSL OoJnee moapoOHbIMU. M3matorcs o0biyHO B Macmtabax 1:1000000 u
1:2000000. TIpoekmusi ux MO XapakTepy MCKAXKEHUN MPOU3BOJIbHAS (HA3BIBACTCS
BUJIOU3MEHEHHON TMOJMKOHUYECKON WM, YTO TO K€ Camoe, MeHCOYHapOOHOU
MIPOEKITUEH ), HO UCKAXEHUS B TIPeIeliax JIMCTa KapThl MaJbl U MPU U3MEPEHUSIX Ha
KapTeé UMHU MOXXHO B OOJIBIIMHCTBE Cily4yaeB MpeHeOpeub. M3 reorpaduyeckoit
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Harpy3Kd Ha KapTy HAHECEHbl B OCHOBHOM T€ OOBEKTBI, KOTOPHIE MOTYT OBITH
WCIIOJIb30BAHbl JUIsl OPUEHTUPOBKHU: BOJHBIE M JIECHbIE MACCHBBI, HACEJICHHbIE
MYHKTHI, IOCCEHHBIE (KPAaCHBIM IIBETOM) U KeJie3HbIe (UepHBIM) Joporu U T.1. U3
CIeIUaIbHON a3pPOHABUTAIIMOHHON HAarpy3KyW HAaHECEHBbI KPACHBIMHU MYHKTUPHBIMU

JUHUSMHU U30TOHBI, COSTMHSIONINE TOYKH C OJIMHAKOBBIM MarHUTHBIM CKIIOHCHHUEM
(puc. 2.30).
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B nmocnennue roasl paznudHbie GUPMBI CTATK BBIMTYCKaTh HOBBIC BUIBI KapT.
Ha puc. 2.31 npencraBieHa KapTa MECTHBIX BO3AYUIHBIX JIMHUMW, BBITyCKaemas
3AO «Tpanzac» wu  Ceepo-3amagHbIM  LEHTPOM  a3pOHABUTAIMOHHOW
uHpopmaruu. Ha Helt kpome reorpadmyeckoil Harpy3Kd HAaHECEHbI MapIIPYTHI,
30HBl OTPAaHUYEHUN TOJETOB, pPAJAUOHABUTAIMOHHBIE CpEICTBA U  Jpyras
nHpopmarusi.

Paouonasucayuonnvie (M MapuipyTHbI€) KapThl, BbllTyckaeMmble LleHTpom
a’poHABUTAIMOHHOW wuH(GoOpMaruu Poccun, BBITIOJHEHBI B PaBHOYTOJBHOM
npoekuu B macmrade 1:2000000. Ilpenna3HadeHbl 3TH KapThl ISl MOJIETOB IO
npubopaM U TMO3TOMY reorpadu4eckodl Harpy3kd Ha HHX HEMHOTO: Mops,
KPYIHBIE M CPEJIHHE PEKUM M HACEJECHHbIE IMYHKTbI, OCHOBHBIE 03€pa U JIOPOTH.
Menkux opueHTHpOB Ha HUX HeT. Ho 3aT0 HaHECEeHO MHOIO a’poHA8U2AYUOHHOU
uHgopmayuu: KOOPAUHATHI MyHKTOB MapIIpyTa, PACCTOSHUS U IyTEBBIC YIJIBI,
JAaHHBIE HA3E€MHBIX PAJUOTEXHUYECKUX CPEICTB HaBUTAMK (KOOPAMHATHI,
4acTOThI, MO3BIBHBIE, BpeMsi pabdOThl) U MHOroe Apyroe. PajanoHaBUTaIlMOHHBIC
KapThl  SIBIISIIOTCS YK€ HE CTOJIbKO KapTaMHu, CKOJbKO JIOKYMEHTaMu
a’pOHABUTALIMOHHOM nHpopMaruu (puc. 2.32).

Mapwpymnvle kapmwi, 6vinyckaemvie 3apyOedCHuIMU Qupmamu, HUMEIOT
TaKo€ e MpeIHa3HAauCHHE, HO BBIITYCKAIOTCS B pa3HbIX MaciiTabax, HeCyT OoJibIie
a’pOHABUTAITMOHHOM HATPy3KH U, KOHEYHO, UCTIOJB3YIOT IPYTHUE YCIOBHBIC 3HAKU.
HauGounplee pacnpocTpaHEHUE MOJYYHMIIM KapThbl, BBIMYCKaeMble KOpIiOpalueit
Jxenmeced (Jeppesen), kotopasi SBJISIETCS MUPOBBIM JIMACPOM IO OOECIICUCHUIO
a’pOHABUTALIMOHHON nHpopMmarmel (puc. 2.33).
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Puc. 2.33. ®parmenT mapuipyTHOU KapThl pupmbl [kenmnecex

2.12. Pac4yeT 3J1eMeHTOB pPa3BopoTa

JIro6oe m3menHenue kypca BC pake Ha HECKOJIBKO TpaaycOB B aBUALUU
Ha3bIBaeTCA pazeopomom. Ilpu nepexone ¢ OAHOrO y4acTka MapLIpyTa Ha IPYyrou,
npu nposiere I1IIM, BC He MOXKeT pa3BepHYTbCS Ha HOBOE HAIIPABICHHE IOJIETA
MrHOBeHHO. [Ipyu OTCYTCTBHM BETpa W MpU TMOCTOSHHOM KpEHE KypC BO BpeMs
pa3BoOpoTa MEHSETCS PaBHOMEPHO (YIjoBas CKOPOCThb pa3BOpPOTa IOCTOSHHA), U
BC BbINOJIHSAET MOJET MO OYre OKPYKHOCTH € PaguyCcoOM, Ha3bIBAEMbIM paouycom
paseopoma.

Pagnyc pasBopora R m yrioBas CKOpOCTh @, pa3BoOpoTa 3aBHCAT OT
BblIepkMBaeMoro kpeHa u ckopoctu BC, mpuueM R mponoprumonanen kBaapaty
CKOPOCTHU:

2
R = V_; (2.5)
gtg x
glg
@y == (2.6)

rae V — WCTUHHAS BO3AYIIHAS CKOPOCTh;

g - yCKOpeHHe CBOOOHOTO TaJICHHUS;

X — YTOJI KpeHa.

Tak, wnHanpumep, mnpu pa3Bopore ¢ KkpeHom 20° camoser AH-2
(V=50m/c=180km/u) Oyaer wumeTh paauyc pasBopora R=700 m, a Ty-154
(V=250m/c=900k™m/4) R =17,5 km.
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Bpewms pa3Bopora 3aBucHT OT yena pazsopoma (YP, Af) , TO €CTh OT pa3HOCTH
HAYaJIbHOTO M KOHEYHOTO KYpCOB, KOTOpas, €CiM IpeHeOpeuyb BETpOM, paBHA
pa3noctu 311Y Ha mepBOM U BTOPOM ydacTKax MapuipyTa.

PaccuuTaTh Bpemsi pa3BopoTa JIETKO U3 clenyomux coodpaxeHuil. Eciu Obl
camMoJIeT BBIMIOJIHAJI pa3BopoT Ha 360°, To mposeTen Obl MOTHYIO OKPYKHOCTb
mmHoU 2R 3a Bpemst 27R/V. O4eBHIHO, YTO €CJIM Yrojl Pa3BoOpOTa COCTABISACT
AB°, To BpeMsl pa3BoOpoTa COCTABUT:

L AB 2R AB AR

7 360° V 180" V

UtoOwl Brmcatbesi B HOBYIO JI3II, HE0OX0aMMO HayaTh pa3BOPOT HE Ha

[IIIM, a Ha HEKOTOPOM PACCTOSHUM OT HEro, HA3bIBAEMOM JUHEUHbIM
ynpesicoenuem pazeopoma (JIYP) (puc. 2.34).

[To-anrmiickk 3Ta BelIMYMHA HasbiBaeTcs turn anticipation, 4ro MOCIOBHO
MO>KHO MEPEBECTH KaK «IIPEIBOCXUIIICHUE PA3BOPOTAY.

2.7)

Puc. 2.34. Pagnyc u TuHEHHOE ypeKIeHUE pa3BOpOTa

Ha pucynke Bumno, uro yron AOB paBen yriy pasBopora YP (yrmsel ¢
B3aMMHO TEPIEHIUKYISIPHBIMA CTOPOHAMHU), a MPSAMOYTOJBHBIE TPEYTOJIbHUKU
AOP u BOP pagsusl. Torna u3 tpeyroiasauka AOP MOXHO HallTH:

JIVP = Rtg %. (2.8)

Pacuet paamyca u TUHEHHOTO YIPEKIEHUS pa3BOPOTa B MOJIETE MOXKET OBITh
BBITIOJTHEH C MOMOIIBIO KaJbKYJISTOpPa WIM HaBUTaMoOHHOW nuHelku HJI-10M.
[Ipu pacueTe Ha KaJdbKyJATOpE CieAyeT oOpaliaTh BHHUMaHUE Ha Pa3MEpPHOCTH
noAcTaBigseMbix B (opmynsl (2.6) u (2.7) ucxoaHbiX AaHHBIX. [lockonbKy
YCKOpPEHHE CBOOOIHOTO MajeHHs MMeeT pasMepHocts M/c’ (9=9,8 m/c%), To m
CKOpPOCTh HEO0OXOAMMO TMOJICTABJIATh HE B KWJIOMETpax B 4Yac, a B METpax B
CEKYH]Y.
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[Tpu pacuere panuyca pazsopota u JIYP no HJI-10M ucnons3yrorcs Kirouu,
npejacTaBieHHble Ha puc. 2.35 u 2.36. OcHoBHble cBenenus o HJI-10M u ee
WCIIOJIb30BaHUH MPUBEICHBI B TJIaBe 4 TaHHOTO Y4EOHOTO MOCOOHS.

@__®
© TR
® i

\

Puc. 2.35. PacueT panuyca pa3Bopora

YP
@ :
®

1
nyp=? R
Puc. 2.36. Pacder nuHelHOTO yIIpeXACHHS pa3BOpOTa

WHuorna, npu MCIMONIb30BAHUU CUCTEM CUUCICHUS IMyTH ObIBAET HEOOXOIAUMO
HaiiTu emie nBe BenuuuHbl — 6okoBoe (BYP) u mpomonbaoe (ITYP) ynpexaenus
pa3BopotoB (puc. 2.37, otpe3ku AC u CP).

Puc. 2.37. BokoBoe 1 Mpo0IBHOE YIPEXKICHUS PA3BOPOTA
U3 tpeyronpanka ACP MOXXHO HaWTH:
BYP=JIVP sin VP;
I[TYP=JIYP cos YP.
Bo3HukaeT ecTecTBEHHBIH BOMPOC: KaK pacCUMTaTh pajnyCc pa3BoOpoTa IMpH
Hanuuuu Betpa? IlepBoe, yTO MPUXOAUT B TOJIOBY, UCIIOJIB30BAThH JI pacueTa He

uctTuHHy10 ckopocth BC, a myreByro. Ho B mporecce pa3BopoTa B KaxA0W TOUKE
TPACKTOPHUH IMyTeBasi CKOPOCTh OYJET pa3HOil, MOCKOJIbKY MEHSETCS HallpaBJIeHHE
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JBWKEHHSI 10 OTHOLIEHHMIO K HalpaBJeHHUIO BeTpa. Jla m cama TpaekTopus Ha
pa3BopoTe MO 3TOM NpUUMHE HE OyAeT SBISATHCA OKPY>KHOCTBIO. DTO Oyner
CJIOKHAsl KpuBas, MMEIOUas pa3Hyl KpHUBU3HY B Kaxaod Touke. [loatomy
TOBOPUTH O KAaKOM-JIMOO MOCTOSIHHOM pajiiyce pa3BopoTa MpHU HAJIWYUU BETpa HE
MMEET CMbICia. MOKHO JIMIIb TOMNBITAThCS ONPEAEIUTh B HEKOTOPOM CMBICIIE
CpelIHEEe 3HAUYEHUE paJuyca, MPH HCHOJB30BAHUM KOTOporo misi pacyera JIYP
OyIeT IOCTUTHyTa HauOojbIIas TOYHOCTh. [lockoybKy 3Ta 3amada sBISIETCS
HEMPOCTOM, HAa MPaKTUKE OOBIYHO PACCUMTHIBAIOT AJIEMEHTHI pPa3BOpPOTa IO
MCTUHHOW CKOPOCTH.

3. BIUSIHUE BETPA HA ITOJIET BO3AYIIHOI'O CYJITHA
3.1. BeTep u ero xapakTepucTUKH

BC He mnamaer Ha 3eMHYIO MOBEPXHOCTb Osiarojapsi MOABEMHON cuie,
KOTOpass BO3HMKAaeT y CaMoJeTa Ha KpbUIE BCIEIACTBHE €ro JABWXKCHUSA, Y
BEPTOJIETOB — M3-3a BPALICHUS HECYIIEr0 BUHTA, a y JUPHKAOJIEeH U BO3IYIIHBIX
mapoB Omaronmapst JeiicTBUiO 3akoHa Apxumena. Taxum o6pazom, BC
«OIMHPAETCS» HA BO3AYX M HE HMMEET HEIOCPEACTBEHHOW CBs3M ¢ 3emue. Ho
BO3JIYIIHBIE MAacChl arMoc(epbl MPaKTUYECKH BCEr/a HAXOIATCA B JBUYKEHUHU,
KOTOPOE BBI3BAHO PA3IMYMEM TEMIIEPATYphl U JABJICHHUS B Pa3jIM4HbIX pailoHaX
36MHOW TMOBEPXHOCTU. [IpUuMHBI W XapakTep TAKOrO JABWKEHHUS H3Yy4yaer
METEOpPOJIOTHSl.

Bo3nymiHbele Macchl MepeMenaroTcss Kak B TOPU30HTAIIBHOM HaIlpaBJICHUU
NapajyieIbHO 36MHOW NOBEPXHOCTH, TAaK U B BEPTHKAJIbHOM, MEHSISI CBOKO BBICOTY.
KOHEYHO, M BEpTHKAIBHOE NEPEMELIEHUE BO3/lyXa MUMEET I aBUAlMU Ba)KHOE
3HAYCHUE U MOXKET ObITh omacHeIM. Hampumep, nomamanue BC B HuCXomsmui
BO3JYIIHBIA IMOTOK (OIyCKAIOIIYIOCS BO3AYIIHYIO MAcCy) MOXET IPUBECTH K
pe3koir motepe BbICOTBI BC M CTOJKHOBEHHIO C 3€MHOM IOBEPXHOCTHIO
(«Bo3mymHast siMay). Ho aspoHaBuranus paccMaTpUBAaeT TIJIaBHBIM 00pa3oM
20pU30HMAaNbHOE nepemeljerue 6030yxa U BIUsIHUE ero Ha Tpaektopuio BC.

Bemep(wind) — 3T0 TOpH3OHTAILHOE IMEpPEMEIICHUE BO3IYNIHBIX Macc. B
KQ)KJI0M TOUKE MPOCTPAHCTBA B JAHHBI MOMEHT BPEMEHU MMEETCS OMPENEIEHHOE
Hanpasnenue (direction) u ckopocts (velocity) Berpa, koTopsie 00pa3yrOT BEKTOP
BeTpa, o0o3Hauaembli U wnm U. CkopocTh BeTpa U , TO €cTh MOAYJb BekTopa U,
B aBHAIlMU MPHUHATO M3MEPATH MPHU MOJIETE€ MO MAPUIPYTYy B KWJIOMETpax B dYac
(kM/4), a IpU 3aX0JI€ HA MOCAJIKY U MPHU BbLUIETE — B METPaxX B CEKYHIy (M/C).

HampaBneHue BeTpa MOXHO XapaKT€pU30BAaTh OJHOM W3 CIENYIOIIUX ABYX
B3aMMOCBSI3aHHBIX BEJIMYHH.

Hasueayuonnoe nanpasnenue eempa (6, wim HB) — yron, 3akitodeHHBIN
MEXy CEBEPHBIM HANpPABICHUEM MEpUIMAHA M HANPABICHUEM IEPEMEIICHUS
BO3JIYIIIHOW Macchl (KyJ1a JyeT BETep).
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Takxum obpazom, HB — 310 npocto Hanpasnenue Bekropa U. B mpusenennom
ONpENeNeHN HEe YyKa3aH BHUJ MeEpUIuaHa, IIOCKOJbKY B 0OIIeM ciydae
HABUTAIIMOHHOE  HANpaBJICHHE MOXKET OTCUUTHIBAThCA OT JIOOOTO U3
UCIIOJIb3YEMbIX B HABUTAIMU MEPUIUAHOB (MCTUHHOTO - Oy ,, MATHUTHOTO Oy
OIOPHOTO J,; ,) — Kak yJOOHO INTypMaHy Wid TmwioTy. Ho damie Bcero mon
HABUTAllMOHHBIM HaIlpaBJICHUEM BETpa MOHUMAIOT HAIpaBJICHHE, U3MEPSEMOE OT
MAZHUMHO20 MEpHUJMAaHA, TMOCKOJBKY ITyTEBbIE VYTJbl Y4YacTKOB MaplipyTa Ha
KapTe, MOCaJ0YHbIe MyTEBbIE YIJIBI U MHOTHE JPYTHE€ BEIWYHHBI SBISIFOTCS
MarHuTHeIMH. B maHHOM y4eOHOM mocoOuu moa O, MO YMOJYaHUIO OyneT
MOHUMATHCS UMEHHO TaKO€ MarHUTHOE HAIIPABIICHUE, €CITH HE OTOBOPEHO MHOE.

Memeoponozuueckoe nanpagnienue éempa & — YroJ, 3aKIIOYCHHBIA MEXIY
CEBEPHBIM HANpPAaBIICHUEM UCMUHHO20 MEpHUJIMaHA W HaIlpaBJICHUEM, OTKYJa
nepeMeniaeTcss Bo3AyliHas Macca (OTkyaa ayer Berep). OueBHAHO, YTO 3TO
HaIpaBJeHUE MPOTHUBOIOJIOKHO HampaBiieHUI0 BekTopa U. OHO OTcuuThIBaeTCs
MOoJIbKO OT UCTUHHOTO MepujvaHa. HeTpyaHO 3alOMHHUTB, MOYEMY STO UMEHHO
Tak. Bellb MET€OpOJIOrOB HE MHTEPECYET, KyJa ABUKETCS BO3JAYIIHAs Macca, Ui
HUX BaXXHEE 0mKyoa OHa TMpHUIIAa U YTO HEceT ¢ coboil (Teruio u3z AQpuku uiau
xoJion u3 ApKTUKH). M korma mo paguo Mbl CIBIIIMM, YTO «BETEP IOKHBIIN, 3TO
O3HauaeT, YTO BO3JAYyIIHas Macca ABHXKETCA C lora Ha ceBep. A OT HCTUHHOTO
MepUJMaHa dSTO HaNpaBleHWE U3MEPSIOT TMOTOMY, YTO JTO OOBIYHBIN
reorpaduueckuii Mepuauad. [Ipoumx, 4YHCTO HABUTALMOHHBIX MEPUIUAHOB
(MarHUTHBIX, OMTOPHBIX U T.I1.), METEOPOJIOTH 3HATh HE 00s3aHkbI (puc. 3.1).

Cif" Cwm

AM .
0,

Puc. 3.1. HaBuraumoHHO€ U METEOPOJIOTUYECKOE HAPABJIEHUS BETPA

HampaBnenuss kyna W OTKy#a JyeT BETEp, SBIKIOTCA T'€OMETPUYECKU
IIPOTUBONOJIOKHBIMA. HO 3HAauYeHWs HABUTallMOHHOTO M METEOPOJOTHYECKOTO
HaMpaBJICHUI BETpa HE pa3InyaroTcs poBHO Ha 180° , Belb OHU OTCUMTHIBAIOTCA
OT pa3HbIX MEPHUAMAHOB. OTH JBa HampaBieHus (cM. puc. 3.1) cBsi3aHbI
cienyomuMu popmyiaMu:

5= 5, %+ 180° + AM; (3.1)
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5, & +£180° — AM. (3.2)

Ha npaktuke BMecTo 3Tux (opmyn yaoOHEe MOIb30BaThCs MPABUIOM ydyeTa
MOMPABOK: MpHU Mepexojie OT NPUOOPHBIX BEIWYUH (B JaHHOM Cily4yae OT
HABUTAllMOHHOTO HAMPABIICHUS, SBIAIONIETOCS MArHUTHBIM) K HCTUHHBIM
BEJIMYMHAM (METEOPOJIOTMYECKOMY HAMpPaBICHUIO, U3MEPSEMOMY OT MCTUHHOTO
MepHUJraHa) MAarHUTHOE CKJIOHEHHEe NpuOaBiseTcs, a TMpu Nepexoie OoT
METEOPOJIOTUYCCKOTO  HANpaBJICHWS K HABUTAIIMOHHOMY —  BBIYATACTCA.
Pazymeercsi, Hasto He 3a0BITH €IIe «Pa3BEPHYThH» HampaBieHue Ha 180° .

B 00bImeHHON KU3HM MBI 9acTO BCTpEYAeMCS C BETPOM M JyMaeM, 4TO
MMEEM O HEM JIOCTaTO4YHOE TpejcTaBiieHune. K coxaneHuto, OHO OOBIYHO SBJISIETCS
HEBEPHBIM WJIA HETIOJIHBIM C TOUKH 3PCHHSI BIMSHUS BeTpa Ha apmkeHne BC.

Ecmm y 3emmm Betep OOBIYHO OBIBaE€T MOPBIBUCTHIM, MOXET PE3KO MEHSTh
CKOPOCTb M HalpaBJICHHE, TO C MOJBEMOM Ha BBICOTY MEpPEMEIEHUE BO3AYIITHOM
MacChl CTAHOBUTCSI BCe OOJiee TJIABHBIM U PETYJISPHBIM. DTO CBA3AHO C TEM, YTO
HEPETYJSIPHOCTh BETPa CKa3bIBACTCS JIMIIb B TAaK HA3bIBAEMOM CJIO€ TPEHUS,
npocTuparomeMcs npuMepHo 10 BeicoThl 1000 M Ham 3emiieil, rae Ha JABM)XCHHE
BO3MIYIIIHOM MacChl BIMSIOT peibed), HEpaBHOMEPHBIM HArpeB 3eMHOMN
MOBEPXHOCTH U Jipyrue (axropbl. Ha Gonbiinx BhICOTAX M3MEHEHHE CKOPOCTH U
HaIpaBJICHUs] BETpa CTaHOBUTCS OoJiee m1aBHbIM. CKOPOCTh BETpa ¢ BBICOTOM, Kak
MPaBUJIO, YBEIMYMBACTCS, a €r0 HalpaBJiCHHE T[OBOpayuMBaeT BIpaBo. Ho B
KOHKPETHOM METEOpOJIOTHYeCKO OOCTaHOBKE MOKET OBbITh JIIOOOW Jpyroii
XapakTep ero M3MEHEHUS.

B OonbmIMHCTBE cCllydaeB CKOpPOCTh BETpa HA BBICOTAX, Ha KOTOPHIX
BBITTOJIHAIOTCA T10JIeThI, cocTaBiageT 40...120 kM/4, HO, KOHEYHO, OBIBAeT H
Oosbiiie, U MeHble. [Ipy oUYeHb MaJIEHBKHUX CKOPOCTSAX BETEP XapaKTepU3yeTcs
KaK «HEYCTOMUYHMBBIN», MOCKOJBKY U €r0 HANpPaBJICHHE MOKET HEMpeICKa3yeMo
MEHAThCA. BOmm3u Tporomnaysel, pasuensolieii Tporocdepy U crpartocdepy,
WHOTJIa HAONIOJAIOTCA CTPYHHBIE TEUYEHUS] — BO3YIIHbIE TOTOKH IIUPUHON
HECKOJIbKO COTEH KHWJIOMETPOB, a JUJIMHOW 10 HECKOJBKUX ThICAY. B CTpyHWHBIX
TEYEHUSAX CKOPOCTh BeTpa MOkeT cocTaBisiTh 200-300 km/4 u Gonee. OTmMedanuch
OTJIeNIbHBIC clTydan, Koraa oHa 6pura 700-800 xkm/4.

Berep Bnusier Ha nBmwkenrne BC coBceM He Tak, Kak CKa)KeM, Ha HIYIIETO 10
Jopore B Oypro dyenoBeka. YenoBeky BeTep MeIIAeT WATH WM, HA00OpOT,
MOMOTAeT, €CIU AyeT B CIUHY, CIyBaeT €ro ¢ MyTH, a YEJOBEK COMPOTUBIISIETCS
BETPY, YIUPASICh HOTAaMU B JIOPOTY W IEIUIAACH pyKaMu 3a MpeaMmeThl. JIerkoro
yeJoBeKa CKopee CIOyeT, ueMm Tsbkenoro. Ecnu BeTep myer, Hampumep, crpana, To
YeJIOBEK 3TO OYEHb XOpOIIO OIIYIIAET, XOTs Obl Y€ MOTOMY, YTO MpPaBblii OOK
MEp3HET.

C camomerom mo-mpyromy. Emy HedeM «IeTUISITHCS» 3a 3eMIII0, OH
MOJTHOCTBIO OMUPAETCS HA BO3IYIIHYIO MacCy U MEPEMENIAeTCsl BMECTE C HEM, €CIU
oHa aBwxercs. [logoOHO BO3MYIIHOMY IIapy, HETMOJBIKHOMY OTHOCHUTEIHHO
BO3/lyXa W MEPEMEIIAI0NIEMYCSl BMECTE C HUM, MTOJIHOCTHIO TTOBTOPSIIOT JIBHXKCHUE
BO3IYIITHOW MAacChl U CaMOJIET, M BepToJieT. Ho y HHX, B OTJIMYHE OT BO3YIITHOTO
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niapa, UMEETCsl €lI€ U CKOPOCTh JIBUYKEHUSI OTHOCUTEIBHO BO3JYyXa BCIICIICTBUE
HaJMYUS TATH, CO37aBacMOI IBUTAaTEIISIMU.

Berep He «cayBaer» BO3AYIIHOE CYJHO KakK 4YeEJOBEKAa, a HOJIHOCHbIO
nepeHocum e2o B Ty K€ CTOPOHY U C TAKOH K€ CKOPOCThIO, C KAaKOW IepeMeniacTcs
BO3MyIlIHasi Macca. boJIbIOM W MaJICHbKWW, JIETKUW W TSKEIbIA CaMOJIET
MEPEHOCATCS BO3AYIIHON Maccod OAMHAKOBO. [laccakuphl BO3AYIIHOTO IIapa HE
ONIYIIAIOT HUKAKOTO BETpa, JA)KE€ €CJIM IIap YHOCUT yparaHoM. TOUYHO Tak ke
PaBHOMEPHBIA BETEP HE CO3JACT HHUKAKWAX CHJI, JIEMCTBYIOIIMX HA CAMOJIET.
PazymeeTcs, OH BIMSET HA TPACKTOPUIO €0 JIBMKEHUS OTHOCUTEIBHO 3€MJIM, HO
3TO BIIMSIHUE€ HOCUT HE JWHAMUYECKUH, & YUCTO KHUHEMATUYECKUU XapakTep:
nerkeHne BC OTHOCHUTENBHO 3€MJIM TEOMETPUYECKH CKIIQJBIBACTCA U3 €ro
JBUKEHHUSI OTHOCUTEIIBHO BO3MYIIHOW MAacChl W JBWXXEHHS CaMOW BO3IYLIHOU
Macchl (BEeTpa).

3.2. HaBuranuoHHbI# TPEyroJbHUK CKOPOCTei

BC nBuwxeTcss OTHOCUTEIBHO BO3JYIIHOM MacChl C MCTUHHOM BO3AYIIHOM
CKOpPOCTBIO V, BO3IyIIHAs Macca OTHOCHTEIBHO 3€MJM CO CKopocThio U, u
ckopocTh mnepemernieHuss BC OTHOCHTENIBHO 3€MHOM IMOBEPXHOCTH (TIOJIHAS
ckopoctb) W, sBiseTcs BEKTOPHOM CyMMoOM 3TuX ckopocteil. Ilpu
TOPU3OHTAIBLHOM JIBMKeHUMU BC ero momHas CKOPOCTh MPAKTUYECKU COBHANAECT C
nyTeBoi ckopocTbio W. [1o3TOMy MOXKHO 3amucath BEKTOPHOE COOTHOIIICHUE:!

W=V+U. (3.3)

B wmarematnke cymMma BEKTOPOB CTPOMTCS TpadUyecKkd Kak JuaroHajb
napajieJiorpaMMa, CTOpOHaMH KOTOPOTO SIBJISIFOTCS CllaraeMble BEKTOPHI (puc.3.2).
Ho He 00s3aTenbHO CTPOUTH BECh MapajljIeiorpaMM, TaK Kak y HEro CTOPOHBI
MOTIAPHO PaBHBI W TMapajuieNbHbI, a JAUaroHajib pa3OMBaeT €ro Ha JBa PaBHBIX
TpeyroyibHUKa. [103TOMy 10CTaTOYHO MOCTPOUTH OJAUH TaKOM TPEYrOJbHUK, YTOOBI
MOJIYYUTh JUAroHajdb — CyMMY BEKTOpPOB. UTOOBI chenaTh 3TO, HEOOXOIUMO W3
KOHIIa TIEPBOTO CJIAra€MOr0 BEKTOpPA, MOCTPOUTH BTOPOM CllaraeéMblii BEKTOP.
CoeanHUB Hayajo MEPBOTO BEKTOPA ¢ KOHIIOM BTOPOTO IMOJYYHUM BEKTOP CYMMBI
(cMm. puc. 3.2).

Puc. 3.2. CnoxxeHue BEKTOPOB M0 MpaBUIaM MapajijieorpaMMa 1 TPeyroJibHUKa
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[IpumenuB Ttakoil moaxox Kk Bekropam V. u U, moaydyuM BEKTOPHBIN
TPEYTrOJbHUK, HAa3bIBAEMBIN HABUSAYUOHHBIM MPEY2OTbHUKOM CcKopocmeti (pUC.
3.3).

Hasueayuonnvii  mpeyeonsnux  ckopocmeri  (HTC) —  BekTOpHbIN
TPEYroJbHUK, 0Opa30BaHHbI BEKTOPAMHM MCTUHHOM BO3AYIIHOM CKOPOCTH, BETpa
U IIyTEBOI CKOPOCTH..

KoHnpurypauust HaBUTallMOHHOTO TPEYIOJbHUKA CKOPOCTEH MOMKET OBITh
paznuuHoil. Benb BexTops! V u U MoryT ObITh HampaBieHbl B 100yio ctopony. Ho
COCMHEHBI B TPEYT'OJBHUK OHU JIOJDKHBI OBITH BIOJHE ONpEACICHHBIM 00pa3oM
(puc.3.4). Benp HaBUralMOHHBIN TPEYTOJIBHUK CKOPOCTEN oTpaxaeT To, yto V u U
CKJIQJIBIBAIOTCS, 00pa3ys myTeBylo ckopocTh W  kak mx cymmy. @opmyna (3.3)
SIBIISIETCSI BEKTOPHOM 3aMUCHIO 3TOTO TPEYTOJbHUKA U HA00OPOT — HABUTAIIMOHHBIN
TPEYTOJIBHUK CKOPOCTEH ABIIAETCS TpaUIeCKUM BhIpaKEHUEM (DOPMYIIHI.

C C
0

“ i 1O

Puc. 3.4. HexoTopbie BO3MOXXHBIE KOH(DHUTYpAIIKA HABUTAIIMOHHOTO
TPEYrOJIbHUKA CKOPOCTEN
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Ha pucynke (cm. puc. 3.3) HTC nan B To#l KOHpHUTYypanuu, B KOTOPOH €ro
OOBIYHO M300pakaroT AJI O3HAKOMJIEHHS C ero snemeHTamu. Onementamu HTC
HA3bIBAIOT €r0 CTOPOHBI, YIJbl MEXKIy HHMH, a TaKXKe YIJIbl, KOTOpHIE
XapaKTepU3ylOT HaIMpaBlI€HUE CTOPOH TPEYrojibHUKA (BEKTOPOB CKOPOCTEH)
OTHOCUTEJIHHO MEpUIUAHA.

Ha  pucynke  u300pa)keHbl =~ MHOTHME  DJIEMEHTBI, KOTOpbBIE  YyXKe
paccMaTpuBaJIUCh paHee:

- KYpc Y — Yrol MEXIy CEBEpHbIM HAlpaBICHUEM MEpPUAHAHA U
HarpaBjieHueM BekTopa V  (Kak yXe yNOMHHAJIOCh, €r0 MNPUHATO CUYUTATh Y
CaMOJIETOB HaIPaBJICHHBIM 10 MIpoaoJbHON ocu BC);

- (paxmuueckuti nymegou y2on Pgp — yroil MEXIy CEBEpHBIM HANpaBICHHEM
MepHuaraHa 1 HarpasiieHneM Bektopa W,

- HasucayuoHHoe HampaeieHue eempa Oy — YrOI MEXAYy CEBEpHBIM
HaIlpaBJIeHUEM MEpUJIMaHa U HampaBieHueMm Bekropa U .

Koneuno, anementamu HTC ABISAOTCSA M MOYJIHM BCEX TPEX CKOPOCTEM.

Ho, xpoMe 3THX 3J1IEMEHTOB, MOSIBJISIOTCS U HOBBIE, XapaKTEPU3YIOLIUE YTJIIbI
MEX/1y BEKTOpaMH.

OfHUM U3 TaKUX HJIIEMEHTOM, CaMbIM BaXKHBIM [IJISi TTOHUMAHUS BIIMSHUS
BeTpa Ha nojiet BC, sBnsieTcs yroia Berpa.

Yeon eempa (VB, €) — yron, 3akiItOU€HHBIN MEXIy HAIMPaBICHUSIMU BEKTOpa
nyteBoit ckopoctd W u BekTopa Betpa U .

Ero npunsto orcuuthiBaTh 0T Bekropa W mo wacoBoil ctpenke ot 0° 10
360°. OnHaKO Ha MPaKTUKE MPU PEIICHHH HEKOTOPBIX HABUTAIIMOHHBIX 3a7a4 €ro
yaoOHee cuutaTh u3MeHsommmcs ot 0° qo +180°.

Heobxoanmo o00paTtuTh BHUMaHUE, 4TO YB H3MepsieTcss MMEHHO MEXIy
HalpaBJeHUsIMU, Kyoa HampaBieHsl BekTtoppl W u U (Ha pucyHke »3Tu
HaIpaBJIeHUs MOKa3aHbl MyHKTUPOM). [loaTOMYy HempaBUIbHO OBLIO OBl TTOKA3aTh
YB kak BHYTPEHHHUW YIroJl TPEYrOJIbHHUKA, PACIIOJIOKEHHBIA MEXKIYy ITUMH K€
BEKTOpaMM: BeIb Torga »3T0 OyAeT 3TO yrol MeXAy HalpaBlICHUSIMU,
npomugononoxcHvimuy Hanpasienusm W u U. B nannoit kondgurypanuu HTC stot
yroJl, KOHEYHO, YUCJIEHHO paBeH YB, HO B Jpyrux KOHQUTypamusx 3TO MOXET
OKa3aThCsl HE TakK.

He cnenyer nyrtath HanpaBieHHE BETpa O, U Yroi BeTpa €. B To BpeMst Kak O,
XapaKTepU3yeT, KyJa AyeT BETEP OMmHOCUmenbHo mepuouarna (Ha ceBep, BOCTOK U
T.A.), YTOJ BETpa MOKa3bIBAET, Kyda IYET BETEP OMHOCUMENbHO HANPABIEHUS
nosema (BIpaBo, BIIEBO, BIIEpE, Ha3aa U T.1.).

Kypcosoit yeon eempa (KVB, w ) — yroj, 3akiIlOUYE€HHBIA MEXKIY
HaIpaBJIeHUsIMU BEKTOpa UCTUHHOM ckopocTHu V u BekTopa Betpa U.

OTcuMTHIBAECTCS AHAJIOTUYHO YIJIy BETpa: OT HalpaBJEHUs, KyJla HalpaBleH
BekTop V, 10 HampasieHust Bektopa U 1o gacoBoii ctpenke ot 0° 1o 360° (nHOT A
or 0° mo *180°). Ha3zBanue atoro snemeHTa (Kypcosoii yroj) MOACKa3bIBA€T, OT
KaKoro HaIlpaBJICHUs OH M3MEPSEeTCA: Bellb BEKTOp V HampaBieH MO MPOJOJbHON
OCH CaMOJIeTa, TO €CTh MO JUHUU Kypcd.
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[Tone3no 3anmoMHUTH, 4TO, eciau u3mMepaty YB u KYB B auanazone ot 0° 1o
+180°, TO OHU Bceraa UMEOT OJMHAKOBBIM 3HAK, J]a U MO a0COJIFOTHOM BEIMYMHE
OTJIMYAKOTCS APYT OT Apyra HE3HAUYMUTEIBHO — HAa BEJIMYHMHY yTJIa CHOCA.

Yeon cnoca (YC, o) — yron, 3akiitOU€HHbIA MEXIY HaIlpaBICHUSMU BEKTOpa
uctunHoM V u myteBoit W ckopocTei.

OtcuutsiBaercst YC OT HampaBiieHUs BeKTopa V, KOTOpoe B CBOIO OYepe/b
COBMAJAaET ¢ HampapiaeHueM mnpoaoibHo ocu BC. B ortinmuue ot YB u KYB on
Bceraa usMepsercs B quamnazone ot 0° mo +180° : BrpaBo (110 4acoBO# CTpEIKe) C
IJTIOCOM, BJIEBO (IIPOTUB YaCOBOM CTpENIKK) ¢ MUHYCOM. [lo-aHTHiiCKH yroy cHOca
— drift angle wmu xpatko pocro drift (cHoc).

HasBanue 3TOr0o 25eMeHTa OoTpakaeT ero ¢usnueckuii cMmpicia. [IpomonpHas
OCh CaMOJieTa HalpaBjeHa B OJIHY CTOPOHY (B HampaBieHUU BekTopa V), HO JIETUT
BC oTHOCHUTENBbHO 3€MHON MOBEPXHOCTH HECKOJIBKO B JPYryl0 CTOPOHY (B
HarpasieHuu Bekropa W). To ectb Betep kak Ob1 cnocum BC ¢ Toro HanpaBieHus
noseTa, Kyaa HanpasieH Hoc BC. Tak camomeT u nepeMeniaeTcsi ¢ OTBEPHYTOM OT
JI®II Ha yros cHOCa MPO0IBHOM OChIO (pHC. 3.5).

N\
yC, non
W

Puc. 3.5. Yrox caoca

[TockonbKy CKOpOCTb BeTpa OOBIYHO MEHBIIE (a 4acTO B HECKOJBKO pa3
MEHBIIIE), YEM CKOPOCTb CaMoJjieTa, TO a0coitoTHas BenuunHa YC, Kak IpaBHIIO,
HEBEJIMKA — €IMHULBI rpagycoB. Jlnmb mig tuxoxoanslix BC wim mpu oyeHp
cuibHOM BeTpe Y C moxeT nocturats 10-20° .

3.3. CooTHOLIEHHUS MEKAY 3JIeMEHTAMHU HABUTAIIMUOHHOI'0 TPEYr0JIbLHUKA
CKOpoOCTeH

HTC — 5T0 OOBIYHBIM TPEYTOJILHHUK, MOATOMY K HEMY MOXHO MPUMEHUTH
J00bI€ U3BECTHBIE W3 TPUTOHOMETPUH (OPMYINBI I yCTAHOBJICHUS CBS3EH
MEXy €ro dJIEMEHTAMH — YTJIaMH U CTOPOHAMH.

Onementsl HTC, ma u mio0Oble HABUTAIIMOHHBIE BEJIMYUHBI, MOTYT OBITh
0003HaYEHBbI JIATHHCKUMH U TPEYECKUMU OyKBaMHU (g, B¢, O U T.1.), INOO PyCCKUMHU
abopeuatypamu (YB, @IV, YC u 1.11.). B asponaBuraiuu u B JaHHOM y4eOHOM
ocoOuHU Bce 3TU 0003HAYEHUS UCTIONIB3YIOTCS KaK PaBHONPABHbIE.

Paccmorpum Hambosee BaKHbIC COOTHOIICHHUSI MEXAYy JJIEMEHTaMU
HABUTAIIMOHHOTO TPEYTOJIbHUKA CKOPOCTEH.
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OCHOBHBIM 3JIEMEHTOM TPEYTOJIbHHUKA, OT KOTOPOTO B 3HAYUTEIbHON CTEIIEHU
3aBUCST BCE OCTallbHBIC, SBJISAETCS yroi Betpa. OH MOXeET ObITh HaijeH u3
ouYeBUIHOrO cooTHomeHus (puc. 3.3):

VB =HB - ®I1Y, (3.4)

HUIIHU, YTO TO KC CaMOC

8:81{— B‘b .

Ecimu HTC pemaercst BO BpeMs MOATOTOBKH K MOJETY, KOrJaa (PaKTUIECKOTo
NyTEeBOr0 yrjia eme HeT (Bedb CaMOJIET €lIe€ HE JETHT), TO BMECTO HEro
UCITIOJIB3YETCSl 3a0aHHbIU TyTEBOM Yrojl HA TOM OCHOBaHWH, YTO JUISl MOJIETa IO
JI3IT (a umeHHO 1uIs 3TOro ciay4yas W paccuuTeiBaerca YB) daxrtuueckuit ITY
JIOJKEH OBITh PaBEH 3a/IaHHOMY.

[Ipu pacuere o dopmyie (3.4) YB MokeT 0Ka3aThCsi OTPUIATEIIBHBIM WIIN
npeBsicuTh 360° B 3TOM ciydyae ero jerko npuBecTd B auarna3oH oT 0° go 360°.
Bnpouewm, kak OyzieT mokaszaHo jajee, B 3TOM MOXKET U He OBITh HEOOXOAMMOCTH.

Ecnu u3BectHbl kypc K u ®@IIY, To nerko Haiitu yroi cioca YC:

YC=OITY - K, a=Pgy—Y. (3.5
1, Ha000poT, no u3BectHomy Y C Haiitu DIIY:
dITY=K + VC, Ba=7 + a. (3.6)

[Ipu pacuere Mo 3TUM U MO APYTUM AHAJIOTHYHBIM (PopmyiaaM HEOOXOIUMO
NOMHUTh, uT0 YC mMeeT CBOMl COOCTBEHHBIN 3HAK, KOTOPBIA YUYWUTHIBAETCS TIO
mpaBuiIaM ajireopsl.

Hampumep, ecnu @ITY=357° , YC=-5°, T0

K = ®ITY — YC=357 — (-5)= 357+5=362=362 — 360=2°.

[TonpoGHO omMcaHHOE 3/1eCh D3JIEMEHTAPHOE BBIYHUCICHHE HEO0OXOIUMO
HAY4YUTHCS JIETKO U OBICTPO BBHIMOJIHSATH B YME.

KoneuHo, ncnonp30BaHHAs ceiluac (opMysia BOBCE HE MpeaHa3HadeHa Jis
OIpeeNeHHs TEKYILIEro Kypca B nojiere. B 3Tom HeT HE0OXOIUMOCTH, MOCKOJBKY
(dakTHYeCcKuil KypCc MOHO IMPOCTO MOCMOTpeTh Ha kommace. Ho srta ¢dopmyna
MOKET OBbITh NMPUMEHEHA, HAIIPUMED, MPHU PacueTe 3a0aHHO020 Kypca CleI0BaHuA,
TO €CTh Kypca, KOTOpbI HEOOXOMMO BBIIEPKUBATh MUIOTY, 4ToObl BC nereno B
3aianHoM HampasieHuu (uto0b1r OITY 6b11 paBen 3I1Y).

Kypcosoii yron Berpa KYB wu yrom Berpa YB cBs3aHbl IpOCTBIM
COOTHOILIEHHEM

KYB=YB+VYC(, Y=g+ a. (3.7)
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Ecou u YB u KYB usmepsts He B quamnazone ot 0° go 360°, a or —180° no
+180°, To YB u KVYB Bcerga 6ynyT nuMeTh OJIMHAKOBBINA 3HAK, COBIIAJAIOIINI CO
3HakoM YC. DTo o03HayaeTr, 4yTo MpU pacuere 1o JAaHHOW (QopMyse MOKHO
MOJIH30BaThCsl A0COJIIOTHBIMU BEJIMYMHAMHM U CUYUTaTh Oyner serue. Hampuwmep,
YB=330, YC=-5. Toraa npu opMaIbHOM pacyeTe MOTyUrM:

KVB=330 + (-5)=325.

Ho KYB=330= —30. Torna, ckiaasiBag MOAyJu (aOCOJIFOTHBIE BEJIMYHUHBI)
VB u YC, noxyyum:

30+5=35.

Pazymeercs, nmonyuennsiii KYB Takke nmeer 3Hak munyc. Ho  —35=325,
CJIeI0BATEIbHO, OTBET MOJIy4YeH TOT xke: KYB=325.

[Ipu pemiennn HTC vacTo ucnonbs3yercs TeOpeMa CUHYCOB, KOTOpasl IJ1acur,
4YTO B JIOOOM TPEYTrOJbHUKE OTHOIIEHHE CTOPOHBI K CHHYCY IMPOTHUBOJIEKAIIETO
yTIJla €CTh BEJIMYMHA TOCTOSHHAS.

B HTC nanpotuB YC nexur Bektop Betpa U , a mpoTUB BeKTOpa UCTUHOMN
ckopocTH V JIexuT yroi, paBHeiii YB (cm. puc. 3.3). Hanpotus BekTopa myTeBoi
CKOPOCTH JIEKHUT YroJl, HE MMEIOUIMI crenuaibHoro Ha3zpanus. OOO3HA4YUM €ro
A. Torma

sing _sina _ sinA
v U W

U3 pucynka (cM. puc. 3.3) HETpYIHO BUAETH, 4To A=180° — y.
Takke MOKHO BCTIOMHUTH HW3BECTHBIN U3 TPUTOHOMETPHUH (aKT, YTO:

sin (180° —y)=sin y
H y4CCTb, UTO
Y =€+ a.
Torna

sing _sina _sin(e+a)
% U W

(3.8)
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Jlanuble 00BsicHEHUS! OCHOBBIBaNKCHh Ha KoH(purypanuu HTC, npusenenHoit
Ha puc.3.3, HO MO’KHO II0Ka3aTh, 4TO JaHHas (opMmyja CIpaBejivBa MpU JHO0H
KoH(purypamuu (rpu oo6om YB).

M3 Hee MOXHO IOJIyYHTh IIOJIE3HOE COOTHOIICHHME JJI ONPEICIICHHS yria
CHOCA:

) U .
sina = —sine, (3.9)
V
WK, 94TO TO K€ CaMOC€:

sinyVC = %sin VB.

[TyteBast ckOpocTb MOXET OBITh HaiiicHa pPa3IMYHBIMH CIIOCOOAMH.
Hampumep, Ha noopakerann HTC (puc. 3.6) MOXHO 3aMETHTh, YTO JJIMHA OTPE3Ka
OC (1o ectp W) ckmanpiBaercs u3 qmH oTpeskoB OB um BC, sBistomuxcs
COOTBETCTBEHHO MPOEKIUSIMHU Ha HampaBieHue W BEKTOPOB UCTUHHOW CKOPOCTH
V wu Berpa U:

W=0B+BC=V cos a + U cos ¢. (3.10)

A

I
|
|
|
1
I
|
|
|
!
B C /8

~

Puc. 3.6. K BEIBO/Ty COOTHOIIIEHU B TPEYTOJIBHUKE CKOPOCTEH

[Tockonbky YC 00BIYHO HEBEIHK, TO COS 0. = 1M TOT/Ia MOKHO HCIIOJIb30BaTh
NPUOJIMKEHHOE COOTHOLLIEHUE!

W=V+ U cos e. (3.11)

3.4. 3aBHCUMOCTBD YIJIa CHOCA M IYTE€BOH CKOPOCTH OT yrJia BeTpa

Baxneiimium snementom HTC daBnsiercs yroin BeTpa, KOTOPBIM paBeH
Pa3HOCTH HABUTAIIMOHHOTO HAMpaBJICHUS BeTpa U (HaKTHUECKOTO MyTEBOTO YTIIA.
OnuH U TOT ke yrojl BETpa MOXET UMETh MECTO IMPHU Pa3IMYHbIX HAMPABICHUSIX
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BeKTOpoB W 1 U, MOCKOIBbKY BaXXHO UX 83AUMHOE NOJIOMCEeHUe, a HE OPUEHTaLUs
OTHOCUTEJIBHO MEpUIUAHA.

PaccMmoTpum HekoTopble yacTHble citydan koHpuryparuu HTC.

1. Tlpenmonoxum, uto kypc K (y), To ecTb HampaBiieHHME BekTopa V, H
HaBUTAIMOHHOE HampasjicHue Betpa HB (8,) coBmamator. Torma Takoe ke
Hanpasinenne @IIY (By) Oymer mmerp m BekTOp IyTeBoM ckopoctn W.
HaBurannoHHbIN TPEYroJbHUK «BBIPOKAACTCS», MPEeBpalasch B OAHY JinHHuio. Ho
COOTHOIICHHSI MEXKIy BEKTOpaMHU OCTalOTCs TeMu ke (puc.3.7, a). B aTom ciyuae
VB=0; VYC=0; KYB=0. ITpu stom ®IIY=K. Ilockonsky Bektopsl V u U
HaIpaBJICHBI IO OJTHOW JIMHUU, UX MOXKHO CKJIQJIBIBATh MPOCTO AJIreOpanydecKu:

W=V +U.
a) 6) )
. V U0 V . YCmax !
i W WU W

Puc. 3.7. YacTHbIC cllydan HaBUTAIIMOHHOTO TPEYTOJbHUKA CKOPOCTEH

2. Ilyctre K u HB wumeroT npoTHBOMONOXKHBIE HAIpaBIEHUS, TO €CTh
paznuuatorca Ha 180° (puc. 3.7, 6). B aToM ciydae BEKTOpBI TaKkXkKe JiexkaT Ha
olHOM mpsimoii, HO Hampasienus W u V  coBmanawT, a HampaBieHue U um
MIPOTUBOIIOJIOKHO.

B stom cayuae YB = 180° KVYB =180° VYC =0; ®IIY = K. IlyreBas
CKOPOCTh MOKET OBITh paccuMTaHa ajreOpanyecku, HO YK€ Kak pa3HOCTh
MCTUHHOM CKOPOCTHU M CKOPOCTH BETpa.

W=V -uU.

3. HampaBnenne BeTpa MepHeHAUKYISIPHO HAIMPABICHUIO BEKTOpPA ITyTEBOM
ckopoctu. Berep MokeT IyTh ciieBa WiIM chpaBa, npu 3ToM YB Oyzner
cootBeTcTBeHHO 90° (puc. 3.6, B) mau 270°. Yrom cHOca TIpH 3TOM IO MOJTYIIIO
oynet MakcUMabHBIM (Y Cyuic), HO B IEPBOM CITydae MOJI0KHUTEIBHBIM, BO BTOPOM
— OTpHIATEIBHBIM. DTO cienyeT u3 dopmydbl (3.9), MOCKoIbKY HaubOJIbIIEe IO
MOJyJI0 3HaueHHe SINYB=£1 OymerT MMeTh MECTO KakK pa3 MpH ITHUX 3HAUCHHSIX
VB.

HetpyaHo paccunTaTh 3TOT MaKCUMaIIbHBIN yroj cHoca u3 hopmyasl (3.9):

sinVC, .= J_r!.
\Y
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Oty QopMyny s TPaKTUYECKOTO MPUMEHEHUS MOXKHO YIPOCTHUTH,
YUUTBIBAS, YTO CHUHYChl MajbIX YIJIOB PaBHbl CaMUM YIJIaM, BbIpQXCHHBIM B
paguanHax. A uro6sl YC mo ¢Qopmyne moiydancs Bce Ke B Ipaaycax, Hajio
paavaHbl yMHOXKUTB Ha 57,3 nau npudmkerHo Ha 60. Torga

SINY Crace = Y Chace (Pan);

VC. °x iao%. (3.12)

MakKkc

[To aTO#i hopMyse MOKHO paccunTaTh, KAKOM MOXKET OBITH CaMbIi OOJIBIION
yroia cHoca (B rpaaycax) OpH JJaHHOHM MCTUHHOW CKOPOCTH CamoJieTa U JTaHHOU
ckopoctu BeTtpa. Hampumep, mpu V=500 xm/a u U=100 xM/u momxydum
VYV Craxe=£12°.9T0 3HAYUT, 9YTO KaKUMHU ObI HU OBUTM KypC W HaIlpaBJICHHUE BETPa,
YTOJI CHOCA HE MPEBBICUT 12°.

[Tockonbky YC HeBenuk, To runoreny3a ganHoro HTC (to ects V, cm puc.
3.7, B) Oyner He cwibHO oTimuatbes oT karera W. To ecTh myTeBas CKOpOCTh
OyzeT NpuOIM3UTEIBHO paBHa UCTUHHOU W=V,

Herpynno nokasats, 4to mouroe paBeHCTBO V u W OynieT UMEeTh MECTO MpHU
VB mensmem 90° (wmu npu 6omasinem 270°) Ha Benuuuny Y C/2.

Ecnu B nonere ¢ MoCTOSIHHOW MUCTUHHOM CKOPOCTBIO IPH IOCTOSIHHOM BETPE
CaMOJICT BBIMMOJIHHUT pa3BopoT Ha 360° , To B TakoM ke nuamnasone (ot 0° go 360°)
oynet usmensthes u OIIY, u, cnenosarensHo, YB.

To ke camoe npousoiaet, ecinu BC Oyner neTeTs ¢ MOCTOSHHBIM KypCOM, HO
BETEP, COXPAHsS CBOIO CKOPOCTh, Oy/I€T MEHATh CBOE HarpasieHue ot 0° 1o 360°.

Paccmotpum, kak OyayT meHstecss YC u W npu uzmenennun ¥YB wa 360°.

B Touke A (puc.3.8) uzoOpaxeH camosier, a orpe3ok AO — BEKTOp €ro
UCTUHHOM ckopocTH V. C 3TUM BEKTOPOM CKJIaJbpIBaeTcs BekTop BeTpa U (oTpe3ok
OB). Ilpu u3MeHnenun HampaBieHHs BeTpa (a 3HauuT U YB) Ha 360° koHel
BeKTOpa BeTpa (Touka B) omumier okpy)HOCTh. Bo Bcex ero moyioKeHUsIX BEKTOP
nyteBoit ckopoctu W OyzeT npencrapieH orpe3kom AB.

CootBerctBeHHO YB — 310 yroia mexay AB u OB, a YC — mexnyAO u AB.
OTcroja MOXHO BUJETh, Kak MeHseTcss Y C Ipu MOBOPOTE BEKTOPA BETPA, TO €CTh
npu usmeHennu YB (puc. 3.8).

[Ipu pacnonoxkeHun Tekyuied Touku B B monoxenuu B; (cTporo nmomyTHbIN
Berep) YC=0; YB=0; W=V+U. [loBopoT BeTpa 1o 4acoBOil CTpeiKe NPUBOJIUT K
yBenuueHnto YC, KoTopbli Oyner 37ech mnonoxutenabHeiM, a W  Oyxer
YMEHBIIIAThCS.

Makcumanbbliik YC= +YCyue Oyner mocturnyt npu YB=90° (6okoBoi
BeTep), koraa OB okaxercs neprieHauKyyssipHbiM AB (mostoskenue By). OdueBumHO
pu 5ToM AB Oynet sBiaThCs KacaTelbHON K OKpYy>KHOCTH. Kak yxke oTmedanocs,
MyTeBasi CKOPOCTh MPHU ITOM OyIeT MPUOIMKEHHO paBHA HCTHHHOM.
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[Ipu naneHeiiem yBenuueHun YB (BpallleHUM BEKTOpa BETpa) yroja CHOCA,
OCTaBasACh TMOJOXUTENBHBIM, [0 MOAYJIIO HayHeT yMmeHbwatbes. [lyreBas
CKOPOCTb OyJIeT MPOJI0JKATh YMEHBIIATHCS (TeNepb OHA YK€ MEHbIIE UCTUHHOM).

B nonoxenuun B; YB=180°; YC=0; W=V—U. D10 cTporo BcTpeyHsblii BeTep.

[Ipu nanpHeiimeMm BpameHun BeTpa YB yxe Oonbmie 180°, YC craner
OTpULIATEIbHBIM (CHOCUT BJIEBO) M OyleT Bo3pacTtarhb mo Moxayito. [lyreBas
ckopocTh Oyner pactu. B touke B, (oHa cummerpuuna touke B;) VYB=270°;
VC=—YC,axe; W=V.

Puc. 3.8. Usmenenne YC u W B 3aBUCUMOCTH OT yTjia BeTpa

JanpHeliliee BpallleHUEe MPUBOAUT K YMEHBUIEHUIO oTpuuarenasHoro YC 1o
MOAYJII0 U TPOJOJDKEeHUI0 Bo3pactanus W 70 ee MakCUMalIbHOTO 3HAYCHUS B
Touke Bj.

Takum oOpa3om, mnpu wusMeHenun YB Ha 360° yron cHoca cHayana
BO3pPACTAET JI0 MAKCUMAJIBHOTO TMOJOXKHUTEIHHOTO 3HAUCHMS, 3aTEM YMEHBIIIACTCS
10 0 (mpu BCTpEUYHOM BETpE), 3aT€M CTAHOBUTCSI OTPUIIATEIBLHBIM U BO3PACTAET 10
—YCyax, @ 3aT€M yMeHbIIaeTcss mo Moayito o 0°. 3nauenne YC u3MeHsieTcs
MPUOIU3UTENIBHO TI0 CHHYCOMAAJIBHOMY 3akoHy. [IpuOnu3uTensHO, a HE TOYHO
MOTOMY, YTO IO CHHYCOH/Ie u3MeHseTcs He caM YC, a ero CUHYC B COOTBETCTBUU C
dopmysoit (3.9 ). Ho amsa manbIx yriioB, Kak yKe OTMEYajoCh, CaM yrojl M €ro
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CUHYC IPUMEPHO PABHBI U U3MEHSIOTCS TPOMOPLIMOHAIIBHO. DTO U JIa€T OCHOBAHUE
TOBOPUTH O MMPUMEPHO CUHYCOMAAIbHOM 3akoHe u3MeHnenust YC (puc. 3.9, a).

Takum ob6pazom YC=0 npu YB=0° u 180°, a MakcuMallbHOE 3HAUYCHHUE
(MOJOKUTENBHOE U OTpUIIaTeNIbHOE) MpuHUMaeT npu Y B=90° unu 270°.

[lyTeBasi CKOpPOCTb TaKKe€ H3MEHSIETCS MPUMEPHO IO CHHYCOUIATbHOMY
3akoHy. TouHee — MO KOCHHYCOMJAIbHOMY, MOTOMY 4YTO MAKCUMATbHOE €€
snauenue (V+U) umeet mecto nipu YB=0, a muanmansroe (V-U) mpu YB=180°.
Oobpatute BHUMaHue, uto Ha rpaduke W=V ne mpu YB=90° (wmm 270°), a npu
HECKOJIbKO MEHBIIEM (COOTBETCTBEHHO OoJibiieM) YB (puc. 3.9, 6).

a
A

+Omax | S — T |

-Olmin

270° 360°

Puc. 3.9. I'paduku 3aBucumoctr YC u W ot yria Betpa

Ha puc. 3.10 uzoOpaxken BekTop myTeBoi ckopoctd W U 4eThIpe MOJT0KEHUS
BekTopa Betpa U. Yrom mexay HuMH, oTcuuThiBaeMmbiii oT W 10 wacoBoi
CTpeJIKe, 3TO yroia Berpa. M3 WU3I0KEHHOro MOXKHO caeiaTh BbIBOA, 4To YC
MOJIOKHUTENICH (CHOCUT BIIPaBO) MPHU 0°<YB<180° (Berep myeT BMOpaBo), U
Haobopot, YC otpumareneH (cHocutT BieBo) nmpu  180°<YB<360° (Betep myer
BJICBO).

[lyTeBass ckopocth Oonbine uctuHHOM (W>V) kornma Berep AyeT Brepen
(270°<YB<90°), u MeHbI11e UCTHHHOM mTpu 90°<YB<270°,

JInst neTHOM MpaKTHKK Ba)KHO XOPOLIO MPEACTaBIATH cede, mpu Kakux YB
CHOC TOJOKUTEIbHBIM WM OTPULATEIbHBIM U KOTJa IMyTeBask CKOPOCTh OOJIbIIE
WJIA MEHbIIIE UCTUHHOU.
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U U

AN 7

270°<YB<360° 0°<YB<90°
YC<0 YC>0
W>V W>V

180°<yB<270° 1 90°<yB<180°
YC<0 yC>0
W<V W<V

"4 N

U U

Puc. 3.10. 3Hak yria cHOCa U COOTHOIIIEHUE MTyTeBOM U HICTUHHOW CKOPOCTEH

3.5. Penlenne HABUTralMOHHOTO TPEYTOJbHUKA CKOPOCTEH

Cnocoowl pewienua HagU2AUUOHHO20 MPey2obHUKA cKopocmeii. Bo BpeMs
IIOATOTOBKM W BBIOJHEHUS IIOJIETA DKUMAXKY YacTO NPUXOAUTCA pelaTh
HAaBUTAILIMOHHBIN TPEYTOJIBHUK CKOPOCTEH. PEINTH TPEYroNbHUK — 3HAYUT HAWTH
HEHU3BECTHBIE €r0 JJIEMEHTBHl 10 HW3BECTHBIM. J[EHCTBUTENBHO, HEKOTOPHIE
HAaBUTAllMOHHBIE 3JIEMEHTHI (HampuMmep, KypcC, UCTUHHAsA CKOPOCTh) MOTYT OBITh
U3MEPEHBI C TOMOIIBI0 MPHOOPOB B MoOJeTe, ApPyrue (Hampumep, CKOPOCTh H
HAlpaBJICHUE BETPAa), MOTYT OBITh TOJYYEHBI OT METEOCIYKOBI B a’pOIOpPTY.
Torga HeusBecTHbIE, HO HEOOXOAMMBIC JJii HAaBUTallMd MapaMeTpbl MOXHO
ONpENIENIUTh, UCTIOJb3Ysl B3aUMOCBS3b 3eMeHToB HTC.

Camblii HarmsiaHBIA, HO HE caMmblii ynoOHbIH crmocob pemenuss HTC —
rpaduyeckuii. MOKHO ¢ TOMOIIBI0 TPAHCTIOPTUPA U JIMHEWKHU Ha JucTe Oymaru B
BBIOPAaHHOM MacIliTade HapucoOBaTh MEpHUIMAaH M u3BecTHble 3yeMeHThl HTC
(mampumep, Bektopbl V u U) Tak, 4TOOBl HX pacrnojiokeHue (BeTuYuHa U
HaIpaBJI€HUE OTHOCUTEIBHO MEpPHJIMAaHa) COOTBETCTBOBAJIO YCJIOBHSIM 3a/Jayu.
Torna, noctpous HTC no koHma (B mpuBeaeHHOM mnpumepe — jgopucoaB W),
MOXHO TMPOCTO H3MEPUTh JIMHEMKOW BEJIMYMHY IYTEBOM CKOPOCTH, a
TPaHCIIOPTUPOM — yroJi cHoca, DITY u mobbie apyrue 3JEMEHTHI.

Ha mnpaktuke B mnonere HTC, koHeyHo, He pucyroTr. Ero snemeHTbI
pPacCUMTHIBAIOT C TMOMOIIBIO0 CIEUUATIbHBIX MPUCIOCOOTICHUN, Ha3bIBaEMBbIX
CUETHBIM IITYPMAaHCKUM HHCTPYMEHTOM. B Hamel crpaHe Ha MNpPOTSHKEHHH
MHOIMX JECATWIETHM B KadeCTBE TAaKOIO0 MHCTPYMEHTA MCIOJIb3YETCS
HaBuranmonHasi nmuaeiika HJI-10M (yctpoiicTBo u mpaBwmia nons3oBanust HJI-10
OITMCAaHBbI B IJ1aBe 4).
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B nmamHoM y4yeOHOM mOCOOMM  pacCMaTPUBAIOTCS CIOCOOBI  PELICHHS
HaBUTaIMOHHBIX 3a71a4 Ha HJI-10M. Pa3ymeercs, 3Tu 3aa4i MOXKHO peliaTh U Ha
KaJIbKYJISITOpE 10 hopMyiiam, MPUBEICHHBIM B COOTBETCTBYIOIIMX IJIaBaXx.

B HaBuramum mNOpUHATO BBIAENATH YETHIPE THUIIOBBIE 3aaYd  PELICHHUS
HABUTAIlMOHHOTO TPEeyroJibHUKa ckopocTeil. Hanbomnee yacto mpuxoauTcs: pemarhb
NepBbIC JIBE U3 HUX, KOTOPbIE U OYAYT 3/1€Ch MOJPOOHO PACCMOTPEHBI.

Pacuem nymeeoii ckopocmu u y2na cHoca no uzeecmuomy eempy. Taxas
3aj1a4a perraeTcsi BO BpeMsl MPEIOJIETHOM MOATOTOBKH, KOT/Ia MWIOT (IITypMaH)
paccuMTHIBACT HABUTALIMOHHBIC 3JIEMEHTHI U 3aMOJIHACT IITYpMAaHCKUN OOpTOBOM
YKYpHaJ — €ro JEBYIO YacTh, COJAEPKAILYIO MPEANOJIETHBIE pacuyeTsl. [ Kaxmoro
ydactka Mapupyta (ot ognoro IIIIM no apyroro) Heooxoaumo paccuutats YC u
KypC, KOTOpbII OyZEeT Npu AJaHHOM BeTpe obecneunBaTh noJiet no JI3II, myreByro
CKOPOCTb U BpeMs IOJIETA.

JnuHHBIN MapmpyT MoxkeT coaepxkark 10, 20 u gaxke 50 ywactkoB. M jis
Ka)KJ0ro U3 HUX HEOOXOIHMMO paccuuTaTh BCE 3TU 3JeMEHTHI. [lockonbKy Bpems
Ha MPEIIOJIETHYI MOJArOTOBKY OIPaHUYEHO, MOHSATHO, YTO pElaTh 3Ty 3aaady
HYKHO OBICTPO U, KOHEUHO, TPaBUIIBHO.

HcxoaHpIMU JaHHBIMU IS 33]1a4U SIBJISIFOTCS CJIEIYIOIINE BETUYNHBI:

- ucmuHHas 6o030ywnas ckopocms V. Jlns xaxgoro tuna BC wu3 ero
PykoBoacTBa mo netHo#l skcmityatanuu (PJID) nmpumepHo wu3BecTHO, Kakas
UCTUHHAs CKOpocThb V OyJeT HMMETh MECTO Ha JaHHOM BBICOTE IOJETa IO
MapuipyTy,

- 3a0aHubli Nymeeol Y20l ~ MOXET OBbITh H3MEpPeH Ha KapTe, a Ha
paJIOHaBUTALIMOHHBIX KapTax MarHuTHble nyTeBble yriasl (BMITY) yxe
HareyaTaHbl JUIsl KaXJI0r0 y4acTKa MapuipyTa;

- Hanpasiexue U CKopocmv 6empa. ITH JAHHBIE SKUMAXK MOJIy4aeT BO BpeMs
METEOKOHCYJbTalUh B a’pornopry. Berep mno wapmpyraM, MO KOTOPBIM
BBITIOJIHAIOTCS TTOJIETHI U3 JAHHOTO a’dpOIoOPTa, BKIIIOYAIOT B CIEIUATBHBIN OJIaHK,
HaXOJAILIMICSA B IITYPMAaHCKOW KOMHaTe a’pornopra. HampasieHnue BeTpa B HEM
IIPUBOJUTCSI METEOPOJIOTHUECKOE;

- OnIUHA yyacmka mapuwipyma HeoOXoauMa JJis pacueTa BpeMEHH IOJeTa Ha
y4acTKe MapIipyTa U MOXKET ObITh U3MEpPEHa UM YKE HaleyaTaHa Ha KapTe;

- MacHumHoe CKIOHeHue OIPEAENIeTCs MO KapTe C IOMOIIBIO H30TOH M
HEO0OXOAMMO TOJBKO JJIA NEPEBOJIa METEOPOJIOIrMYECKOr0 HANpaBJeHUs BeTpa B
HAaBUTallMOHHOE.

B nanHoM y4eOHOM MOCOOMH B YHUCJIOBBIX MpUMeEpax OyJeM, Kak MpaBUIIo,
OIyCKaThb E€AUHULIBI HU3MepeHus (Pa3MEpHOCTh) HABUTAllMOHHBIX BEJIMYUH,
MOCKOJIbKY OHU B HaBUTallMM OOILIETPUHATHI W MPEIIONAralTcsl HW3BECTHBIMU
(paccTosiHUSL — KM, CKOPOCTb — KM/4, BPEMsS - MHUHYTHI, YIJIOBbIE BEJIMYUHBI —
Ipaaychl).

PaccMOTpuM TOpSIIOK pelIeHrs 3aJayd Ha MpPUMEPE CO CIEIYIOLUMHU
UCXOOHBIMU OAHHBIMU

V =400;

3MITY =232;



78

0 =290;

U=70;

S =164,

AM= -4,

HeoOxonumo xaumu:

- MArHUTHBIN Kypc, IpH BblepkuBaHuu kotoporo BC 6ynet nerers no JI3I1;
- IYTE€BYIO CKOPOCTH;

- BpeMs IIOJIETA HA YYACTKE MapuIpyTa.

Pewenue 3a0auu

1. Paccuumwvieaemcs HAsUsayuoOHHOe Hanpaesjilernue eempa:
5. =5+ 180 °— AM =290 — 180 — (-4) = 114.

2. Paccuumvigaemcs yeon éempa.

N3 HTC wusBectHo, uro YB= o, — OMIIY. Bo Bpems mnpenmnoneTHon
IIOArOTOBKM, KOTJAa PELIAETCA 3Ta 3a/]ada, CaMoJIET €IIe HE JIETUT U, KOHEYHO,
HUKAKOTO haxmuueckozo nyresoro yria (PMIIY) emie He cymectByer. Ho Benpb
CMBICJI JTaHHOM 3aJayd 3aKJII0YaeTCS B pacueTe TAKOro Kypca, IpU KOTOPOM
camoner ciuemoBan mo JI3II, TO ecTh, YTOOBI BBITIOJIHSUIOCH ~ YCIIOBUE
OMITY=3MIIY, nostomy 6 3adaue smo2o muna yroji BeTpa:

VYB= 6, -3MIIY =114 — 232 = - 118 = 242.

OueBHnIHO, 4TO MpHU TakoM YB BeTep OyeT BJIEBO W Ha3ad OTHOCUTEIBHO
HarnpasyieHus noJieta. CienoBarenbHo, YC 0MKeH OBITh OTPUIIATESIBLHBIM (Oy1eT
CHOCHTH BJIEBO), @ ITyTE€Basi CKOPOCTh MOJIYYUTCS MEHBIIIE HCTHHHOM.

3. Haxoosm yeon cnoca u nymegyio cxopocms ¢ UCTIOIb30BAaHHEM TEOPEMBbI
cunycoB (3.8). 13 Hee cienyer:

YVC =arcsin {\U7sin YB};

KYB=YB+VY(;
W =V S|r_1 KYB |
siInVB

Pacuet no 3tuM (hopmysramM MOKHO BBIIIOJHUTH KaK Ha KaJbKyJISATOpE, TaK U
Ha HJI-10M.
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[Ipu pemieHun 3agauu Ha KaJbKYJISTOPE HEOOXOAMMO BBOJAUTH JaHHBIE U
HAOXUMaTh (PYHKIMOHAJIbHBIE KJIABUIIM (MX 00O03HayeHUsi OyjeM NPUBOAUTH B
KaBBIUKAX) B CJIEAYIOLIEM MOPSJIKE:

70 «:» 400 «x» 242 «Sin» «=» «F» «sin»

KanbkynsiTop BBIIACT 3HAYEHHUE yTiia CHOCA, KOTOPOE HEOOXOAMMO OKPYTIUTh
JI0 LEJBIX TPagycoB (IOTOMY YTO Ha KOMIIACE OTCUHUTATh KypC C TOYHOCTBIO O
JoJIel Tpaayca HEBO3MOXKHO). B manHom mpumepe momydutcst —9°. Yron cHoca
OKa3aJICsi OTPULIATENIbHBIM, YEr0 U CIEA0BAIIO OKUIATh.

KypcoBoii yroi Hy>kHO paccuuTarh B yme, He 3a0biBast 0 3Hake Y C.

KVB =242 + (-9) = 233.
Jlantee paccunThIBaeTCs myTeBas ckopoctb W:
400 «x» 233 «SIiny «:» 242 «SIiN» «=».

Kanbkynstop Beigact 362 (okpyrieHo 10 ogHoro km/4). Kak u ciegoBaio
0’KHJIaTh, MYTE€Basi CKOPOCTh OKAa3aJlaCh MEHBIIE UCTUHHOM.

[TIpu omucanuu pacueroB Ha HJI-10M 0OBIMHO HCHONB3YIOTCS HEOOJBIINE
PUCYHKHM IIKaJl U YCTAaHABJIMBAEMbIX Ha HUX 3HAYEHWUH, ONMHCHIBAIOIINE AJITOPUTM
pelieHrs. DT PUCYHKHU (CXEMKH) MPUHSATO Ha3bIBATh «KIIOYaAMU» JJI PEIICHUs
3amaun Ha HJI-10.

Ha puc. 3.11 wuzo6paxken kimrou st onpenenenus YC u W. Kcrarm, stot
KJTFOY BBITpaBHpOBaH 1 Ha camoit HJI-10.

o="? € et+a

®
®

U V W=?
Puc. 3.11. Onpenenenue yriza cHoca M MyTeBOM CKOPOCTH (KITHOU)

Jns  ero ucnonb3oBaHUs Ha MIKajde 5 (HyMepauuss W Ha3BaHUS LIKAJ
MIPUBEICHBI B TJIaBe 4) BU3UPKON yCTaHaBIMBAeTCA 3HAUeHHE V U MepeMelieHneM
JBUKKA TIOJT BU3UPHYIO JIMHUIO MOABOAAT 3HaueHue YB Ha mikane 3 (CHHYCOB).
3aTeM BHU3WpKa IepemMeniaeTcss Ha 3HadyeHre U mo mkaie 5 u HampoTHUB HEE IO
mkane 3 orcunthiBaercs Y C.

[Tocne »Ttoro B yme omnpenensercs KYB=YB+YC, Ha ero 3HaueHue
nepeBUraeTcs BU3upKa (1o mkaie 3) 1 HampoTUB Hee 10 IIKaJIe 5 OTCYUTHIBACTCS
W. Pazymeercs, npu pacuere Ha HJI-10M OynyT nomnydens! 3Hauenuss YC u W,
OJIM3KKE K TeM, KOTOPbIE TIOJy4YeHbI Ha KaJbKYJISTOpPE.
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Heobxoaumo caenath HECKOJBKO TOJIE3HBIX 3aMEYaHWi, KacCaIoIIUXCs
pacuera Ha JuHelike. Bo-miepBbix, ecnum YB okazancs Oosbmie 180°, ero
HEBO3MO>KHO YCTAaHOBUTH Ha IIKaJIe TUHEHKHU. B 3TOM citydae 3TOT k€ yrojl Hy>KHO
MPEJICTAaBUTh Kak oTpuuarenbHbii: 242 = — 118. Ha mkane ycranaBiuBaroT 118.
3HaK Ha JIMHEWKe, KOHEYHO, HE YCTAaHABIMBAIOT, HO TIOMHSAT, yTo ¥YB ¢ Munycom.
Kcratu 310 aBTOMaTHuecku o3Havaet, 4To U Y C OyneT OTpUIIaTeIbHbIM.

Bo-Bropeix, ecnmu YC oka3zancsi MeHbIe 5, €ero MpUIIETCSd OTCUUTHIBATH I10
mKajge 4 (TaHTEHCOB). JTO OOBSICHACTCS TEM, YTO CHHYCHI M TAaHTEHCHI MaJIbIX
YTJIOB MPUMEPHO PABHBL.

B-tperbux, cknaasiBaTh YB (TouHee, TO €ro 3Ha4YeHUE, KOTOPOE
yCTaHaBJIMBAaeTCA Ha WIKaie, B HameM npumepe 118) u YC M0xHO Mo MOAyJIO,
HEB3Upas Ha 3HaKHU. JTO CIEAYET U3 TOTO, YTO, eciau Y B npeacTaBiieH Jiexalium B
nuanasone oT —180° 1o +180°, To 3naku YB u YC Bcerna oquHaKOBEI.

B-ueTBepThIX, HY’)KHO IOMHUTD, 4TO XOTA Y C U IPUHSITO B OTBETE OKPYTJISATh
no rpanmyca, s pacueta KYB skenmaTenbHO €ro HMCHoOJb30BaTh 0oJiee TOYHO
(yuects nmonu tpanyca). B mpotuBHOM ciyyae W MoKeT ObITh OIpejesieHa C
norpenrHocTbio. Oco6eHHo 3T0 BaxHO, koraa Y C mai.

4. Paccuumwigarom Kypc cl1e008anusi, KOTOPbIH OOECHEUYUT BBHIMOJHEHUE
noneta no JI3IL.

N3 HTC cnenyer, uro MK=OMIIY-YC. IlockonbKy sl BBIIOJHEHUS
nosieta HeooxoauMo, uTo0sl ®MITY 6bu1 paBen 3MITY, To

MK=3MITY-YC.
JIns paccMaTtpuBaeMoro npuMepa
MK=232- (-9)=241.

5. Paccuumvigearom épems noiema Ha yuacmeke.
Pacuer BbINONHAETCS IO MYTEBOM CKOpOCTH. OUYEBUIHO, YTO

[Tpu pacueTe Ha KalbKyJIsTOpE HEMOCPEICTBEHHO MO 3TOW (opMylie BpeMms
OyzAeT moay4eHo B yacax, mockoiabky W u3MepsieTcsi B KWIOMeTpax B yac. YToObl
NOJMY4YUTh BpeMsi (Kak 3TO TpeOyeTcs) B MHUHYTaX, HEOOXOJMMO TOJTYYCHHBIN
pe3yapTaT YMHOXKUTH Ha 60 (KOJIMYECTBO MUHYT B Hace).

Ha HJI-10M pacdet BpeMEHH BBITIOJHSAETCS ¢ IOMOIIBIO KiTtoua (cM. puc.4.8),
110 KOTOPOMY BpeMSI TIOJy4aeTCsl B MUHYTaX.

Onpeoenenue eempa 6 noneme. B pacCMOTpEeHHOM 3ajaye MpeAronaraaocs,
YTO BeTEp YK€ u3BecTeH. JIeMCTBUTENBHO, €CIU 3ajJaya pelaeTcs BO BpeMs
IPEINOJIETHOW IMOATOTOBKH, TO HCHOJB3YIOTCS MPOTHOCTUYECKHE CKOPOCTh H
HaIpaBJIEHUE BETPA, MOJIyYEHHbIE OT METEOpoIoroB. O HAKO MPOTHO3 MOTOABI 10
MapLIpyTy MOXET ObITh HETOYEH, M (PaKTUUYECKHI BETEp MOXKET 3HAUYUTEIHHO
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OTIIMYAThCSl OT MporHoctudeckoro. [foaToMy onHOW W3 MEpBBIX 3aAad, KOTOPHIE
pelaeT 3KUnax Mmocje 3aHATus 3aJaHHON BBICOTBI, 3TO ONpeieJeHue GaKTHUEeCKUX
HaIIpaBJICHUS U CKOPOCTH BETpA.

Berep MOXHO ompenenuTh pa3HbIMU CIOCOOAMU Ha OCHOBE HCIIOJIb30BaHUS
Pa3IMYHBIX UCXOJHBIX JAHHBIX: MO JIByM YIJIaM CHOCA Ha Pa3IMYHBIX Kypcax, IO
JBYM NYTEBBIM CKOPOCTSIM M T.JA. B rpakmaHCKkoW aBHAallMM B TPaHCIOPTHBIX
MOJIETaX SKUIAXK HE UMEET BO3MOKHOCTHU MPOU3BOJIBHO MEHSATHh KypC TOJBKO IS
TOro, 4TtoObl M3Meputh Ha 3TUX Kypcax YC. Beap BC momxHO neTeTh mo
3aJaHHOMY  Mapupyty. IloaToMy B  TrpaXJaHCKOW  aBUALMK  ITOJYYHII
pacnpoCTpaHEHUE CIOCcO0 OMpenesieHuss BETpa IO IMyTEBOM CKOPOCTH U YIIIy
CHOCA, M3MEPEHHBIM Ha OJTHOM KypcCe.

HcxoOnvimu  Oannbivu  JUIsl  pELIEHUS 3aJayd  SIBISIIOTCS  CIIEIYIOIIUE
BEJINYMHBI:

- KypcC nojiema MOXKET OBbIThb ONpEeNEeseH B IMOJIETe C MOMOIIBI0 KYPCOBBIX
puOOPOB (KOMIACOB);

- UCMUHHASA 8030VUHAS CKOPOCMb JIOJKHA OBITH paccyuTaHa Mo U3MEPEHHON
B T0JIETE IPUOOPHOM BO3AYIITHON CKOPOCTH;

- Nymeeasi CKOpocmn;

- y20Jl cHoca.

[TyreBast CKOPOCTh U YroJl CHOCA MOTYT ObITh HEOCPEACTBEHHO U3MEPEHBI B
nojere OOPTOBBIM O00OpYAOBaHWEM (HaNpuUMEp, IOIUIEPOBCKUM H3MEpPUTEIEM
CKOPOCTH M CHOCA) WJIH ONPEIEIeHbl OJHUM H3 CIIOCOOOB, KOTOpBIE OYyIyT
pPacCMOTpEHBI J1ajee.

Heo6xonumo xaiimu HampaBieHUE U CKOPOCTh BETpa.

MaTteMaTuyeckue COOTHOUIEHUS, HEOOXOAUMBIE MJisi PEIICHHUsS JTaHHON
3aj]1aui, MOTYT OBITH IOJYYEHBI C TTIOMOIIBIO pUCYHKA (cM. puc. 3.6) Ha KOTOpoM
nzoopaxken HTC ¢ Bepmmnamu, 0603HaueHHbiMu 0ykBamu O, A u C.

[Iycte B - mpoekiusi Touku A Ha BEKTOp MYyTEBOMl ckopocTh. Torma u3s
Tpeyroiabanka ABC umeem:

AB
tge = —. (3.13)
: BC
N3 tpeyronpanka OAB  AB=V sino.
B cBoto ouepenp BC=0C-OB=W-Vcosa .

Benuunna, cootBercTByromass orpe3ky BC, Ha3bpIBaeTcs npoooibHOU
cocmasnsaowel eempa. ITO MPOEKIU BEKTOpa BeTpa Ha JIMHUIO (PAKTHUYECKOTO
nyTtH (HanpasieHue Bekropa W).

[TockonbKy CKOpPOCTh BETpa OOBIYHO MEHbIIE (@ 4acTO B HECKOJBKO pPa3
MEHBIIIE), YeM CKOPOCTh camoJlieTa, TO abcoioTHas BennunHa Y C, Kak MpaBuio,
HEBEJIMKA — €AUHUILBI TpaaycoB. JIumb ams manockopocTtHbix BC wiu npu oueHb
cuibHOM BeTpe Y C mMoxeT pocturath 10-20° .
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Kocunycel manbix yrinoB Onu3ku K eawHuie. lloatomy ¢ mocTaTodHO
BBICOKOW TOYHOCTBIO MOKHO CUHUTaTh, 4T0 V COS o=V,

[TorpemHOoCTh 3a CYET TaKOTO JOMYIICHHS OOBIYHO HE TMPEBBIIIACT
norpemnoctei uamepenns W u V. Hanpumep, eciin V=500 km/4, a yroi cHoca 5°,
T0 €0s5° = 0,996, Vcos a =498 kM/4. PazHocTh (2 KM/4) B HECKOJIBKO pa3 MEHBIIIC
IICHBI JICICHHUS Ha IIKaJie YKa3aTelsl CKOPOCTH.

B cBs131 ¢ 3TUM Ha MpaKTUKE MIPH pacueTe BeTpa 0ObIYHO MPUHUMAIOT:

BC=0C-OB=W-Vcoso. ~W-V =U,,, .

Pa3sHOCTP myTeBOM M MCTUHHOW CKOPOCTEN HA3bIBACTCS IKBUBAIEHIMHBIM
eéempom 1 OyJIeT pacCMOTpEHA JIaJIbIIIE.

[ToncraBuB momydennpie BelpaxeHnus mis AB u BC B ¢gopmyny (3.13),
HOJIY4YHM:

Vsina
tgg =——,
K6
OTKyJa
sina  tge
= g : (3.14)
U 9Ke6 V
Taxke u3 Tpeyroynbauka OAB (puc. 3.6) MOXKHO 3anucaTh:
AB=Vsina,
a u3 TpeyrojgpHuka ABC: AB=Usine.

[IpupaBHSB OTH BBIpAXKEHUS | TMOACIUB O00C 4YacTH COOTHOIIEHUS Ha
npousBenenue VU, nomyunum:

sina  sing
= : (3.15)
U \Y

[lomyyennsie Boipaxkenus (3.14) u (3.15) nerko peamu3yrTCs Ha
KasbKyssiTope v Ha HJI-10M.

PaccMoTpuM KIJTFOY /IS pEIIeHUs 3a/1ayd Ha HaBUTAIIMOHHOM JuHelke (puc.
3.12). Ha mkane 5 Busmpka ycraHaBimuBaeTcs Ha U, M JBHKOK MEepeMeEIaeTcs
TakK, 4To0bl ¢ HUM coBnayio 3HaueHue YC Ha mikane 3 (CMHYCOB). 3aTeM BH3UpPKa
nepeMeniaeTcsl Ha 3HaueHre UCTUHHOM ckopocTy V 1o miKaie 5 ¥ HapOTHUB HETO
10 mkane 4 (TAHI€HCOB) OTCUUTHIBACTCS TAK HA3BIBACMBIH OCMpbLIl Y201 6empa €
(puc. 3.12, a). Jleno B TOM, UTO Ha IIKaJle TAHT€HCOB HEBO3MO>XHO YCTAHOBHTD
yrona 6oiiee 90° (a Tounee, 6osiee 85°). KanpkynsTop npH BHIIIOJHEHUH ONEpallid
B3STUSl AapKTaHI€HCa TOXE BBIIACT 2l1a6HOe 3HAYeHue Yriaa, TO €CTb He
npeBblmaroniee no moayiato 90°. DOTo 3HaUYEHHE M HA3bIBAIOT OCTPBIM YTIIOM
BETpa.
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3atem (BTOpas 4acTh KIIIOYA) JBMIKOK TMEpPEMEIIaeTcsl TakK, YTOObI Ha 3TO Ke
MeCTO (TO ecTh HAampoTUB V) OBLJIO YCTAHOBJICHO 3TO K€ 3HAYCHHE IMOJTYYCHHOI'O
£, HO yXe 10 IIKale CHHyCOB. BepHyB BH3HpKY Ha 3HadeHne YC o Imkaie
CHUHYCOB, HaI[pOTUB HETO IO IIKaje 5 MOXXHO OTCUMTATh CKOpocTh BeTpa U (puc.
3.12, 06).

a) 0)
o (00 E*
@ : _n @ i I
I k=1 I I
@ __| @ '
Uaks. V U=? V

Puc. 3.12. Onpenenenuie BeTpa

Takum oOpa3om, ckopocTh peanbHOro Betpa U yxke HaiineHa W Temnepb
HEOOXOJMMO ONpPEENIUTh HAaBUTALIMOHHOE HampasiieHue BeTpa. IlomyueHHbINH Ha
HJI-10 yron & Bcerma membime 90°, MOCKOIbKY B TAKHX Ipeienax ormbpoBama
IKaja TAaHT'€HCOB. DTO MPOCTO OCTPBIM Yrojl MeXAy JUHUEH (PaKTUUECKOro MyTH
(mampaBnenuem Bektopa W) u nuHMEN, BIOJIL KOTOpOH ayer Berep. st mpumepa
MOKa3aH yroy BeTpa U OCTPBIM yroj BeTpa JUisl ciayyas, Korja BEeTep OyeT BJIEBO
Hazaj (puc. 3.13).

Il

>g

Puc. 3.13. Yrox BeTpa u ocTphIil yroi BeTpa

C TOMOIIBIO OCTPOTO yIiia BETpa € JIErKO ONPEeTHTh HABHTALMOHHOE
HanpasiieHue BeTpa. llpu 3TOoM 1enecoo6pa3sHo omupaThCsi HE Ha (opMaibHbIE
npaBuia U GopMyIIbl, a Ha 3APaBbId CMBICI U TPOCTPAHCTBEHHOE TMPEICTABIICHNE.

[lepBoHayasibHO HEOOXOIMMO ONPENEIUTh HANpaBJIEHUE TIOJIeTa, TO €CThb
(akTHYecKHii TyTEBOM yrom [y, HMOCKOJIBKY HMMEHHO OT 3TOrO HalpaBJICHHA
orcunThiBaeTcs €. O4EBUIHO, UTO:
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3areM HEOOXOAMMO OIpPEAeauTh (C TOYHOCTBIO JI0 YETBEPTH) B KaKOM
HAaIpaBJICHUU [yeT BETEp OTHOCHUTEIBHO HAIpaBJICHUS IOJE€Ta — BIEPE] WIH
Ha3aJ], BIEBO WJIM BOPaBO. JTO KIOYEBOW MOMEHT B PELLIEHUU 3aJaud, HO OH He
IPEJICTaBISIET CJIOKHOCTH.

Ecin nyreBas ckopocte W Oomblie BO3AyIIHOM ckKopocTd V, TO €cCTb
otHocuTenbHO 3eMin BC aBmkercss ObIcTpee, YeM OTHOCHUTENIBHO BO3IYIIHOM
MaccChbl, 3HAYUT BETEpP IOIYTHBIA, «IIOMOTraeT» IOJETy, TO €CTh AyeT Brepen. B
npotuBHOM ciydae (W<V) Betep Iyer Ha3aj, TO €CTh SBISCTCS BCTPEYHBIM.

Ecmn YC nonoxutensusiid (BC cHOCUT BIIpaBo), TO U BeTep AYyET BIPABO
OTHOCHUTEJIBHO HaIpaBJieHUs mnojeTta. Benb MNMEHHO M3-3a BETpa MOSABIISIETCS CHOC.
Ecm ke YC<0, camoneT CHOCHT BIIEBO, TO W BeTep ayeT BieBo. Ha pwuc.3.14
M300paXkeHbl YEThIPE BO3MOXKHBIX CIlydyash HalpaBJeHHs] BeTpa (BIEpen-BIIPaBo,
BIIEpE/I-BJIEBO, HA3a/1-BIPABO, HA3a-BJIEBO).

®Ir1y
A

g*| g%

g¥| g¥

U = U
=

Puc. 3.14. Bo3MosxHble HampaBieHUs BeTpa OTHOCUTENbHO JIDII

OcTtpsIil yros Berpa ¢ orcuntsiBaercs ot JIOII, a ONPENEIUTh HEOOXOANMO
HAaBUTallMOHHOE HANpaBJIEHUE BETpa Oy , TO €CTh KyJa OH JIYET OMHOCUMENbHO
mepuduana. Crenatb 3TO MOKHO, OMUPAsICh HA 3HAU€HHE (PAKTHUECKOTO MyTEBOrO
yTiIa.

Ecnu Betep nyer nmeped, TO HaBUTALIMOHHOE HAIpaBJiCHHUE BETpa OOJIbLIe
nnn menbiie OIIY Ha Benmuuny & . Yucnennvie 3HaueHus 6cex HanpaeieHull
803pacmarom npu ux nogopome no dacogou cmpeike. [1oatomy, ecinu Betep AyeT
énpaso oTHOcuTeNbHO HampasieHus: JIDII, to o, 6onvue OIIY Ha Bennmuuny £, a
€CJIM BETEp AYET 6/1€60, TO MeHbuUle HA ITY BEINYHHY.

Ecnu sxe BeTep BCTpeuHblid (IyeT Hazaod), To onupaTthes cienyet He Ha DITY,
a MPOTUBOION0KHOE eMy HarpasieHue (PIIY+180°), mockoabKy UMEHHO OT HETO
OTCUMTHIBAETCS B JIAHHOM Cllydae OCTphI yroa Berpa (cMm. puc. 3.14). Ecmu
CHOCHUT 61pago, TO BEKTOP BETPA JIEKUT OT ATOTO HANPABJIEHUS NPOTUB YACOBOMU
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CTPENIKH M €& HE0OXOMUMO @biuecmb. 1IpH jle6om CHOCE BEKTOP BETPA JIEHKHUT
«Oosnee 1o yacoBod crTpenkey, yem HampabieHue (PITY+180°), u ero HyxkHO
npubasums.

[TonyyeHHoe TakuM o0Opa3oM HABHUTallMOHHOE HaIpaBlieHWE BeTpa OyIeT
OTCUUTBIBATHCS OT TOTO K€ MepuAuaHa (MarHUTHOTO, UCTUHHOTO WM OMIOPHOTO),
OT KOTOPOI'0 OTCUUTHIBAJICS KYPC M CJIEIOBATEIBHO (PAKTUYECKUN TyTEBOU yroJ.

[lo uW3BECTHOMY HABUTAIIMOHHOMY HAIpAaBICHUIO BETpa JErKo HaWTU U
METEOpOJIOTHYEeCKOoe HampaBieHue O (OTKyda JyeT BeTep OTHOCUTEIIBHO
UCTUHHOTO MepuauaHa). Hampumep, eciau HaBUTrallMOHHOE  HaIlpaBJICHUE
OTCUMTBHIBAJIOCH ~OT  MAarHUTHOrO  MepuauaHa, TO JUId  Iepexoja K
METEOPOJIOTUYECKOMY HAIIPABIECHUIO €ro HeoO0XoAumo pa3BepHyTh Ha 180° u
y4€CTh MArHUTHOE CKJIOHEHHE (B COOTBETCTBHM C MPABUJIOM YYETa IOIMPABOK —
pUOABUTH):

0=0, = 180°+AM.
PaccmoTpum pelieHue 3Tou 3a7a4u Ha IIpUuMepe.

Jlano:
V=680;
W=590;
MK=312;
VC=+8;
AM= -4,

Haumu: o, 90, U.

Pewenue:

1. Haxoaum SKBUBaJICHTHBIA BETEP:

U, = W -V =590-680=-90 xm/u.

2. Ha HJI-10M HaxomuM 1o K04y Ha puc. 3.12  ocTpblil yroi Betpa € u

cKkopocThb Betpa U:
U=130 km/u, & =46°.

3. Haxoaoum OMITY:
OMITY=MK+YC=312+8=320°.

4. Tlockonbky W<V, TO BeTep ayeT Hazaja, a Tak kak Y(C>0, To Berep ayer
BrpaBo. CienoBaTenbHO, BEKTOP BeTpa JiexkuT Bo |l uerBepTH, eciiu OTCUMTHIBATH
yerBeptu oT HampasieHust JIOII mo yvacoBoii crtpenke (cm.puc. 3.14). B stom
cllydae OCTpBIif yrom Betpa & OTCUMTHIBAETCS OT  HaIpaBIICHUS,
IIPOTHUBOIIOJIOKHOTO HanpasieHno W, To ecTs:
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OMITY+180 =320 —180=140°.

HOCKOHLKy BCKTOP BCTpa PACIIOJIOKCH OT 3TOr'0O HAIIPpABJICHUA B CTOPOHY
*
IIPOTUB 4aCOBOU CTPCIIKH, TO HAIIPABJICHHUC BCTPA 6YI[€T MeHblUie Ha BCJIIMYUHY € .

O, =140 — 47 = 93°.
5. Mereoponoruueckoe HanpaBJICHUE BETPa:

0= 93+180 — 4=269°.

3.6. DxBUBaJIEeHTHBII BeTep

Jlis penieHuss HEKOTOPbIX HABUTAllMOHHBIX 3a/1ad YJOOHO HCHOJIb30BaTh
NOHATHE SKBUBAJICHTHOI'O BETpA.

Oxeusanenmusiii emep U, — 3TO YCIOBHBII BETEp, HANIPaBICHUE KOTOPOTO
COBIAJACT C JIMHUEW MYTH, & CKOPOCTh €r0 TAaKOBa, YTO OH CO3/Aa€T TAKYKO XK€
IIyTEBYIO CKOPOCTh, YTO U PEAJIBHBIN BETEP B JAHHOM PailOHE IOJIETOB.

Ecnu peanbHblil BeTep SIBISIETCS CMpo20 NORYMHBLIM (8CMPEYHbIM), TO OH
yBEIMYHUBAET (YMEHBILAET) CKOPOCTh nepemerieHnss BC OTHOCUTENBHO 3eMIIU 110
CPaBHEHMIO C BO3QYIIHOW CKOPOCTBHIO POBHO Ha BEIWYMHY CBOEM ckopoctu. Ho,
KaK MPaBUIIO, PEabHbIA BETEP AYET MOJ YIioM K JUHUMU IMyTU. TeM He MeHee, OH
TaK)K€ U3MEHSAET MYTEBYIO CKOPOCTh, HO HA MEHBIIYIO BEJIIMYUHY, 3aBUCSILYIO OT
yria Berpa. Hanmpumep, eciu ckopocts peasibHoro Berpa U=100, HO nyeT oH moj
yriaom €=60° , To on yBenuuuBaeT W 1o cpaBHeHuto ¢ V npumepHo Ha 50 km/d.
Bor »Tta BennunHa yBenuueHUs (YMEHbBILIEHHUS) CKOPOCTH U Ha3bIBaeTCs
HKBUBAJICHTHBIM BETPOM. JleMCTBUTEIBHO, €CIU Obl BETep ObLI CTPOTO MOIMYTHBIM,
TO YTOOBI CO3JaTh TAKYIO € MYTEBYI0 CKOPOCThb, OH JIOJKEH UMETh CKOpocTh 50
kM/4. Torma Obl OH OBLT paBHO3HAYHBIM (PKBUBAJICHTHBIM) PEAIbHOMY BETPY C
TOYKH 3PEHUS BIUSHUA HA IyTEBYKO CKOPOCTb.

Takum 00pa3om, SKBUBAJICHTHBINM BETEP 9TO MPOCTO Pa3HOCTh IMYyTEBOU U
VICTUHHOM BO3YIIIHOM CKOPOCTEM:

U =W-V.

OKBUBAJEHTHBI BETEp — OTO CKajsipHas BeandnHa. OYeBUAHO, YTO OHA
MMEET 3HAK «IUTIOC)» MPH MOIYTHOM BETPE U «KMUHYC)» MPU BCTPEUHOM.

3HaueHHE SKBUBAJIEHTHOTO BETpa JJisl aBUALIMU OOYCIIOBJIEHO TEM, YTO C €ro
MOMOILBIO JIETKO OMPEJEIUTh MMyTEBYI0 CKOPOCTh. [[eCcTBUTENBHO, €CIU U3BECTEH
Uz, TO 3HasE HICTUHHYIO CKOPOCTh, MOXHO Cpa3y ONpPeIeIUTh:

W=V+ U, .

['padrueckn BenmMUMHY SKBUBAJIEHTHOTO BETPa MOXKHO MPOUJUTIOCTPUPOBATH
C IMOMOIIbIO HABUTAIIMOHHOTO TPEYTOJIbHUKA CKopocTel (puc. 3.15).
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Puc. 3.15. DkBUBaNeHTHBINA BETEP

Uto0bl rpaduuecku moiayuuth pazHoctb W u V, He0OX0IMMO COBMECTHUTH
9T JBa BekTopa. Eciam cuurtarh, 4TO OHM MPEACTABISAIOT COOOW CTEp>KHU,
ckperuieHHble B Touke O, To MOXKHO Bpamath V 10 Hanmoxxkenus ero Ha W. Torna
Pa3HOCTh JJIUH JIBYX OTPE3KOB U OyJET ABIATHCA U ,p.

OKBUBAJICHTHBIM BETEP OTIMYACTCS OT NMPOAOJILHOM cocTaBsAromen Berpa Uy,
(cM. puc. 3.15), HO pa3HOCTh UX HEBEJMKA, TOCKOJIBKY YIoJI CHOCA OOBIYHO MAaJl U
cama V HE CHIBHO OTJIMYAETCS M0 BEIMYMHE OT CBOCH MPOESKIINH.

BenuunHa SKBUBaIEHTHOTO BETpa MOKET OBITh paccuuTaHa mo Gpopmyre:

U 2
U,. =Ucoss———sin’e. (3.16)
2V

[lepBbiii uneH B mpaBoil yacTh HToi (OpMyIBI MpeacTaBisieT coOoM
IPOJOJBbHYIO cocTaBisAolyl0 Berpa Uy, TO €CTh HMPOEKLMIO BETPA HAa JIHHUIO
nyTi. BTopoii uieH o0bIYHO Majl 1o BeTUYMHE U UM 4acTo npeHebperarot. B atom
ciy4ae:

U, ~Ucose.

Kak BunHo u3 ¢hopmyssl (3.16), SKBUBaJICHTHBIN BETEP 3aBUCHUT HE TOJBKO OT
CKOpPOCTH peasibHOro Berpa U u yria BeTpa €, MOJ KOTOPHIM JIyeT BEeTep K JIMHUU
NyTH, HO TaKXe W OT UCTUHHOM CKOPOCTH BO3AYIIHOrO cyaHa V. DTO 03Hayaer,
4YTO €CJIM 4Yepe3 OAHY TOYKY IPOCTPAHCTBA B OJHOM M TOM Y€ HaIpaBJICHUU
NIOCJIEOBATENBHO NPOdETAT ABa BC C pa3HbIMM HCTHHHBIMU CKOPOCTSIMH, TO
HKBUBAJIEHTHBIA BETEp y HUX OyJeT pa3Hbiil. UeM MeHblle UCTHHHAs CKOPOCTb,
TeM OoJIbIle OyIeT «IIprubaBKay MyTEBOW CKOPOCTH MO CPABHEHUIO C UCTUHHOM.

Takum oOpa3om, B OHOW U TOM € TOYKE MPOCTPAHCTBA MPH OJHOM U TOM
K€ pealbHOM BETPE MOXKET CYIIECTBOBaTh OECKOHEUYHO MHOTO 3KBHUBAJIEHTHBIX
BEeTpOB. Bo-TIepBhIX, B 3aBUCMMOCTH OT HampaBlieHUs mnojeta (yria BeTpa), a BO-
BTOPBIX, B 3aBUCUMOCTH OT UCTHHHOW ckopoctu BC, mponeraromiero uepes 3Ty
TOUKY.
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XOTs AKBHBAJIICHTHBIA BeTep 3aBHCHT OT Tpex BemuumH (U, € ,V), HO ero
3aBUCUMOCTh OT MCTHMHHOW CKOpPOCTH ciabasi, Tak Kak V BXOJUT B TOT YJIEH
dbopmyisl (3.16), KOTOphIN caM 1O cebe Majl MO CPaBHEHHUIO C JPYTUM YJICHOM.
[ToaToMy Ha mHpakTUKE JJIsi ONPEICIICHUS] SKBUBAJECHTHOTO BETPAa COCTABIISIOT
TaONHIIBI, TI0O KOTOPBIM MOXHO ompeaenuts U,, B 3aBucumoctd oT U u e.
Tabnuibl pacCYUTHIBAIOT JIJISi OMPEAENICHHOTO 3HaueHusi V, HO OHU MPUTOJIHBI U
JUISL IpYTUX OJIM3KUX CKOpocTel. Jluama3zoH CKOpPOCTEH, IJisi KOTOPOro MPUTOHA
Ta0JINIIA, YKa3bIBAIOT B e 3arojioBke (1a6:mn.3.1 u 3.2).

Tabmuna 3.1
OKBUBAJICHTHBIN BETEP
(st BC ¢ uctunnabiMu ckopoctsimu 100—300 xkm/4)

Yron CKopoCTh BeTpa, KM/4
BETpA, ° 10 20 30 40 50 60 70 80 90 |100
0 [360| 10 20 30 40 50 60 70 80 90 |100
10 | 350 | 10 20 29 39 49 59 69 78 88 | 98
20 1340 9 19 28 37 46 55 64 73 82 | 91
30 1330 9 17 25 34 42 50 58 65 73 | 80
40 1320 8 15 22 29 36 42 49 55 61 | 66
6
9)
3

50 | 310 12 18 | 23 | 28 | 33 | 38 | 42 | 46 | 50
60 | 300 9 13 17 | 20 | 23 | 26 | 28 | 30 | 31
70 | 290 6 8 10 12 13 13 13 13 | 12
80 [280| 1 3 3 3 3 2 0 -2 -4 | -7

90 [270| -0 -1 -2 -4 -6 -9 | -12 | -16 | -20 | -25
100 | 260 | -2 -4 -7 | -11 | -15 | -19 | -24 | -29 | -85 | -42
110 | 250 | -4 -8 | -12 | -17 | -23 | -28 | -35 | -41 | -49 | -56
120 1240 -5 | -11 | -17 | -23 | -30 | -37 | 44 | -52 | -60 | -69
130 |230| -7 | -13 | -21 | -28 | -36 | 44 | -52 | -61 | -70 | -7/9
140 |220| -8 | -16 | -24 | -32 | -41 | -50 | -59 | -68 | -77 | -87
150 |210| -9 | -18 | -27 | -36 | -45 | -54 | 64 | -73 | -83 | -93
160 |200| -9 | -19 | -28 | -38 | -48 | -57 | -67 | -77 | -87 | -97
170 |190| -10 | -20 | -30 | -40 | -49 | -59 | 69 | -79 | -89 |-99

180 -10 | -20 | -80 | 40 | -50 | -60 | -70 | -80 | -90 |[-100

OKBHUBAJIEHTHBIN BETEP MUCIOJbB3YETCS IPU PEIICHUU TAKUX 3a7a4 MOJATOTOBKH
Y BBINIOJIHEHUS TIOJIETOB, B KOTOPBIX MMEET 3HAYCHUE HE CTOJIbKO HAIPaBJICHUE
BETPa, CKOJIBKO €r0 BIUSAHUE HA MyTEBYIO CKOPOCTh, BPEMS IMOJIETA 110 MAPLIPYTY.
Hanpumep, mnpu omnpeneneHud KOJIMYECTBA TOIUIMBA, HEOOXOAUMOTO ISt
BBIIIOJHEHUS TIOJIETA, YYUTBIBACTCS cpeoHuu dkeusarenmuvitl eemep U,g o, TI0
ydacTKkaM MapiipyTa. Beap Jaxe npu MOCTOSSHHOM peajdbHOM BETpe Ha KaXKIOM i-
OM y4yacTKe MapuipyTa SKBUBaJICHTHBIN BeTep U, i OyAeT pa3audHbIM, OCKOJIBKY
pa3IMYaroTCs 3aJaHHbIE IIyTEBBIC YIJIbI U, CIEA0BATEIBHO, YIJIbl BETPA.
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Tabnuma 3.2
OKBUBAJICHTHBIN BETEP
(mnst BC ¢ uctuaabiMu ckopoctsimu 700—900 km/4)

Yron CKopocCTh BeTpa, KM/4
Betpa,” | 20 | 40 | 60 | 80 | 100 | 120 | 140 | 160 | 180 |200
0 |[360| 20 | 40 | 60 | 80 | 100 | 120 | 140 | 160 | 180 |200
10 |350 | 20 | 39 | 59 | 79 98 | 118 | 138 | 157 | 177 | 196
20 1340 | 19 | 37 | 56 | 75 93 | 112 | 130 | 148 | 167 | 185
30 1330 17 | 34 | 51 | 68 85 | 102 | 118 | 135 | 151 | 167
40 | 320 15 | 30 | 45 | 60 74 88 | 102 | 116 | 130 |143
50 |310 | 13 | 25 | 37 | 49 61 72 83 93 | 104 | 114
60 | 300 | 10 | 19 | 28 | 37 45 53 61 68 75 | 81
70 | 290 | 7 13 | 19 | 24 29 33 37 41 44 | 46
80 280 | 3 6 8 10 11 12 12 12 12 | 10
90 | 270 | -0 -1 -2 -4 -6 -9 -12 | -16 | -20 |-25
100 | 260 | -4 -8 | -13 | -18 | -23 | -30 | -36 | -43 | -51 |-59
110|250 | -7 | -15 | -23 | -31 | 40 | 49 | -59 | -69 | -79 | -90
120|240 | -10 | -21 | -32 | 43 | -55 | -67 | -79 | -92 | -105 |-119
130|230 | -13 | -26 | -40 | -54 | -68 | -82 | -97 | -112 | -128 |-143
140|220 | -15 | -31 | -47 | -63 | -79 | -96 | -112 | -129 | -146 |-164
150|210 | -17 | -35 | -53 | -70 | -88 | -106 | -124 | -143 | -161 |-179
160|200 | -19 | -38 | -57 | -76 | -95 | -114 | -133 | -152 | -172 |-191
1701190 | -20 | -39 | -59 | -79 | -99 | -118 | -138 | -158 | -178 |-198

180 -20 | -40 | -60 | -80 | -100 | -120 | -140 | -160 | -180 |-200

[Ipn omnpeneneHUM CPENHETO HOKBUBAJIIEHTHOTO BETpa HE00XO0AMUMO
YUUTHIBATh, YTO JUIMHA YYaCTKOB  MOXKET OBITh CYIIECTBEHHO pAa3HON H,
CJIEIOBATEIBLHO, PA3IMYHBIM OYIEeT BIUSHUE pa3HbIX U,,; Ha CPEIHIOI0 MyTEBYIO
CKOPOCTB 110 MapuIpyTy.

TouHbI pacdeT cpeaHero Mo MapuIpyTy SKBUBAJICHTHOTO BETPA MOXKET OBITH

BBITIOJTHEH 110 (hopMyJIe:
n
Z S|U oKe.i
_ 1

IK8.CP S !
ooy

U

rae Sj— JUIMHA 1-ro yJacTka,

Sosm — OOIIast IIMHA MapIIpyTa, TO €CTh CyMMa JIJTMH Y4acTKOB.

Jlnist ynpolieHHOTo pacdera 1mo 3Toi ¢opMmysie B yMe JUIMHY OJIHOTO W3
KOPOTKHMX Y4aCTKOB MOYKHO IPUHSTH 32 YCIOBHYIO €IUHUILY.

[lpy cocraBneHMHM paclUCaHUsl TIOJETOB YUUTBIBAETCSI  CPEAHUIN
OKBUBAJICHTHBIN BETEP MO KAXKJOMY MapIIpyTy B 3aBUCHMOCTH OT C€30HA (BECHA,
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JeTO, 3uMa, OceHb). OH pPacCUMTHIBACTCS C HCMOJb30BAHUEM CTATUCTUYECKHUX
METEOpPOJIOTHYCCKUX AaHHBIX. C y4eTOM 5TOro SKBHUBAJEHTHOTO BeTpa II0
ucTuHHOU ckopoct BC paccuuThiBaeTCs CpeHss MyTeBasi CKOPOCTh, a IO Hew
ompenenseTcs cpeaHee BpeMs moJsieta mo mapmpyTy. OHO M yKas3bIBaeTCs B
pacmycaHud IIOJICTOB. DTO JK€ BPEMS MCIOJB3YeTCS W JUIS JPYTHUX IICNCH,
HaIpuMep, MJIaHUPOBAHMS 3aKYITOK aBHATOILIMBA aBUAKOMITAHUCH.

4. CYETHBIA IITYPMAHCKU UHCTPYMEHT
4.1. Hapuraunonunaga Juneinka HJI-10M

Ipunyun padomwt nozapugpmuueckoit aunenku. Ilepen mojaeToM B IMoJIETE
KaXJOMYy 4ICHY JICTHOIO JKHMIAXKa, 3aHMMAIOLIEMYCS HABUTALIUEH, IMPUXOAUTCSA
BBHITIOJIHATH Pa3U4HbIC BhIUKUCIEHUA. MHOTHE U3 HUX HEOOXOAUMO JenaTh YCTHO,
B YM€, a ISl pelIeHus 0oJiee CIO0KHBIX UCHOJIb3YIOTCA CIEeIHaIbHbIE YCTPOUCTBA,
Ha3bIBaEMbIE OOIIIUM TEPMUHOM «CUETHBIN MITYPMAHCKUN UHCTPYMEHT.

B Poccun B kadecTBe TakOro MHCTPYMEHTa HauOoJyiee 4acTO HMCIONb3yeTcs
HaBurainmonHass jauHedka HIJI-10M. Ilo npuHOMIy CcBOEro ycTpoHcTBa OHa
aHaJIOrM4YHa OOBIYHOM JIorapu(PMUUECKOi JTUHENKE, HO OoJee nmpucnocoOaeHa s
pEIICHUSI NMEHHO HABUTAIMOHHBIX 3a]1a4.

OObrynass Jorapudmuueckas swmHerika (Slide rule) 70 TIOSIBJICHUS
AJIEKTPOHHBIX KaJIbKYJISTOPOB ObLIa OJHUM HW3 OCHOBHBIX BBIYMCIUTEIBHBIX
CpPEACTB B Hayke M TexHHKe. C €€ MOMOIIBI0 MPOWU3BOAWIMCH PAcdeThl M IS
CTpOUTENBCTBA NEepBbIX [ DC, U 1115 3a1yCKa HCKYCCTBEHHBIX CITyTHUKOB 3EMJIH.

[Ipexkxne dYem paccMOTpeTh NPUHIMI JCHCTBUA OOBIYHOM, TO €CTh HE
HABUTAIIMOHHOM, a YHUBEPCAIILHON JTUHEHKHU, 00paTUM BHUMAaHHE Ha TO, YTO JaXKe
C TOMOIIBIO JIBYX OOBIYHBIX CAHTHMETPOBBIX H3MEPUTEIBHBIX JHHEEK MOKHO
CKJIAIbIBATh U BBIYMTATh YMCA. /{1 3TOro 3TH JTMHEWKH HYKHO PACIIOJI0XKUTh TAK,
4TOOBI HOJIb TEPBOM JIMHEHWKM COBMAAall C TMEPBBIM CJaraéMbiM (YUCIO d) Ha
BTOpOW JuHelke. Torma HampoTHB  BTOpPOro  ciaraemMoro (uucia  b),
YCTaHOBJIEHHOTO Ha MEPBOM JIMHEWKE, MOYKHO OTCYUTATh HA BTOPOU JIMHEMKE
cymmy (a+b) (puc. 4.1).

o
=
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Puc. 4.1. CnoxeHue 41cei ¢ MOMOIIBI0 OOBIYHBIX JTUHEEK



91

Hetpyano poragatbcs, 4YTO B JaHHOM Cly4ae CYMMHPOBAHHME YHCEN
3aMEHSCTCS MEXaHMUYECKUM CIIOKEHHUEM OTPe3KOB ¢ JuimHamu a u b . Cuutarth
HUYETO He HYXHO. HeoOX0oAMMO TOJBKO MPaBUIBHO YCTAHOBUTH IIKAJIBI JPYT
OTHOCHUTEIHFHO JPyTa U MPOYUTATh TOTOBBIA PEe3ybTaT.

[To moxoxemy MPUHIMIY YCTpOCHA W Jorapumuyueckas IWHEHKa, HO
npeIHa3HaYeHa OHa HE TS CIIOYKEHUS ¥ BBIYUTAHMSI, a JJI1 YMHOXKCHHUS U JICTICHUS.
Takast nuHENKa MOTJIa TOSIBUTHCS TOJIBKO Mmocie n3odperenus J>xonom Hemepom
gorapudpmoB (XVII Bek). Unes ee coszmanus ¢GopMupoBajiach HECKOIbKUMHU
YUYEHBIMH TOTO BpPEMEHM, HO B BHJE, Hanboyiee MOXOKEM Ha COBPEMEHHBIN,
JorapudMudecKyro JuHEHKy npemioxun Bubsm Otpen (1575-1660), kotoporo
MOKHO CUUTATh ee m3o0perartenem (puc. 4.2)

Puc. 4.2. U306perarens norapudmudeckoit tuHekun Bunbam Otpen

PaGoTa nuHelk OCHOBaHA Ha WU3BECTHOM CBOMCTBE JIOrapu(MOB: jorapudm
MIPOU3BEICHUS YHCEN paBeH cymMme JiorapudmoB 3Tux yucen. COOTBETCTBEHHO, U
Ha00O0pOT — JIorapu(™M YaCTHOTO PABEH Pa3HOCTH JIOTapU(MOB:

log (ab)=log a + log b,
log (a/b) = log a— log b.

Unes norapupMuueckoil JIHUHEHKH COCTOUT B TOM, 4YTOOBI 3aMEHUTH
YMHOKEHHE YHCEINl CIIO)KEHHEM OTPE3KOB, JUIMHBI KOTOPBIX PaBHBI jorapudmam
ATUX yucel. [[1s 3TOro mKaabl JUHEWKHU CIEIYET ClIeNaTh HE PABHOMEPHBIMU, KaK
y U3MEPUTEIHHOUM TUHEHKH, a JorapuMUIECKUMH. DTO 03HAYAET, UTO, HATIPUMED,
YUCJIO 2 HAHOCAT HE HAa PACCTOSHUM, PAaBHOM JBYM €IWHULIAM (HampUMeEp,
CaHTUMETpPaM) OT Hayaja IIKaJbl, a HA PACCTOSHUU, PaBHOM Jorapudmy yucia 2.
Hecstuunsiii torapudm 2 pasen 0,301. Ha mikane oTkianpiBaloT OTpe30K KIMEHHO
TaKOMW JIMHBI, HO Y COOTBETCTBYIONIETO JCICHUS MUIIYT 2. 3aTe€M OTKJIaJbIBAIOT
OTPE30K, PaBHBIN JlorapudMy urciia 3 U OUIIYT BO3JIe HEro yuciao 3 u T.4. Takum
o0pa3oM MoJTydaroT jJorapudmudeckue mkansl (puc. 4.3).
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Puc. 4.3. Jlorapudpmuueckue nikaibl

CobOcTBeHHO INorapudMuUecKkas IWHEHKa W TIPEACTaBiIsgeT Cco00M Kak
MUHUMYM JIB€ IIKaJbl (OOBIYHO Topa3jno OOJIbIIE), KOTOPHIE MOXKHO CJIBHIaTh
OTHOCHUTEIILHO JIpyT Jipyra (puc. 4.4).

B 1

Ll UL UM UNEUNUY

4 ‘ :

Igsm puusgigany
115 '

Puc. 4.4. ®parmMeHT yHUBEpCAIbHON JOorapupMUIECKON JTUHEHKN

[lonBukHAs 4YacTh JMHEHWKH HA3bIBAECTCA OBUNCKOM, a HEMOJBUKHAS —
OCHO8aHuemM WU Kopnycom JAVHENKU. M1 Ha OCHOBaHWHU, U HA JBH)KKE HAHECEHBI
paznuuHble Jorapudmuyeckue mkaabl. YToObl OBUIO yIOOHO YCTaHABIUBATH U
OTCUMTBHIBATh YHUCJA, BJIOJIb JIMHEWKH MEPEMEIIAeTCA 6u3uUpKa W3 CTEeKIa WU
MIPO3PAYHOI MJIACTMACCHI, HA KOTOPOW HaHeceHa BU3UpHas JuHus. OHa o0Jeryaer
COBMENICHHUE YHCEIT HA Pa3HbIX IIKaJIaX, 0COOEHHO €CJIM 3TU LIKAJIbl PACIIOIOKEHBI
HE PSIIOM.

HeoO6xogumo  oOpatuTh BHHMaHHE Ha  CleAylolMe OCOOCHHOCTH
JorapupMUYECKHUX TITKaJ.

1. Jlorapudmuyeckas nikana Ha4MHaeTCs ¢ yucia 1, a He ¢ yucna 0, kak y
OOBIYHOW HM3MEPUTENHHOM JIMHEHKU. OTO OOBSCHAETCS TEeM, 4YTO Jorapudm
€AUHULIBI paBeH HyI0. Beap Ha IIKajle OTKIAJABIBAIOTCS OTPE3KU, PaBHBIC
jorapudMaM YUCeN, HO HAAMKUCAHBI CAMU YHCIIA.

2. lllkanma sBAsETCS HEPABHOMEPHOH, TIOCKOJBKY JorapupMudecKast
byHkuus HenuHeitHas. MoxHO BuaeTh (cM. puc. 4.3), 4TO pacCTOSHUE MEXIY
JeJIeHUSIMH, 0003HAYeHHBIMU 2 W 3, MEHbIIE, 4YeM MEXIy AcieHusMu 1 u 2.
Paccrosinue mexay 9 u 10 coBcem HeOoIbIIOE.

3. llena HaHECEHHBIX Ha IIKajie 00Jiee MEJIKUX JIeJICHUH pa3inyHa B pa3HbIX
MecTax mkansl. Hanpumep, untepBai ot 4 10 5 pa3aeneH Ha 1ecaTh 00jiee METKUX
JeJieHni, a Mexay 8 u 9 — Bcero Ha MiTh. DTO O3HAYAET, YTO 3/IECh KaxkI0€
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JICIIEHNE COOTBETCTBYET ABYM €AMHMIIAM Oosiee muajiiero paspsana. Uurepsan xe
or 1 1m0 2 pasneneH Ha JECATh JACIEHUM, HO KaXJ0€ M3 HUX DPA3JEICHO EIIe
nornojiaM 0oJsiee KOpOTKUMH puckamu. Kaksas Takas MOJOBUHKA COIEPKUT TISITh
eMHMUI] e11le 0oJiee MEJIKOTO pa3psijia.

[Tonb30oBaThCA TUHEHKONW HEBO3ZMOXKHO 0€3 YMEHHUs MPAaBUIIBHO OMPEEIsITh
LEHY JEJICHUS U YCTAaHABJINBATh YMCIIA HA IKAJIE.

YMHOXEHHE Ha JorapuMUUYECKHX IIKaJlaX BBIMOJHAETCS TaK e, Kak
BBIIIOJIHSJIOCh PACCMOTPEHHOE BBIILIE CJIOKEHNE HAa paBHOMEPHBIX IIKanax. Hauano
nepBoi mkaiael (uucio 1) (cMm. puc. 4.3) yCTaHOBJIEHO Ha MEPBBI COMHOXKUTEIb
(MM 37€ch SIBISIETCS YMCIO 2), a HAalPOTHB BTOPOTrO COMHOXKHUTENSI Ha NEPBOM
IIKaJ€ MOXHO IMPOYUTATh MO BTOPOM IIKaJI€ PE3yJbTaT €ro YMHOXEHUS Ha 2.
Hanpumep, HanpoTuB uncia 3 cTouT 6, HAMPOTUB 4 CTOUT § U TaK JAJIEE.

Ecnu Obl MBI 3aXOTE€NM YMHOXHUTH YHUCIO 2, HalpuMmep, Ha 7, TO B TOM
MOJIOKEHUH TIKaJ, KOTOpOe M300paxkeHO Ha pucyHke (cM. puc. 4.3), 310 caenartb
Obl He ynanoch. Pe3ynbrar yMHOMXEHUsI OKazajics Obl 3a MpejiesiaMu IKaibl. B
TaKUX CIydasX HE00X0UMO, KaK TOBOPST, «IIepeOPOCUTHY OJHY M3 LIKAJ, TO €CTh
CABUHYTH €€ TaK, 4YTOObl HAMpPOTHUB MEPBOrO COMHOXHUTENS (uucia 2) Oblia
YCTAaHOBJICHA HE €UHUIIA B HAyaje IIKajbl, & €ANHUIA B KOHIIEC IIKaJIbl (MHOTIA
BMECTO €IMHUIBI TaM HamucaHo 10). B »Tom ciydae OTBET OKaXeTCs MEXIy
nuppamu 1 u 2 Ha HUKHEH miKane. Ecnu mocuuTarh KOIM4ecTBO Oojiee METKUX
JIEJEHU OT €JUHULBI A0 MOJYYEHHOIO0 OTBETAa, TO UX OKa)keTcs uerbipe. Takum
oOpasowm, nepBas nuudpa orseta 1, a BTopas 4. To ecTh nojydaercs 14.

CrenyeT NIOMHATH BaXHYIO BELIb: HA JUHEUKEe YCMAaHAGIUBAIOMCA He CaMu
yucaa, a moavko 3Hadawjue yugpsl yucen. IT0 3HAUYUT, YTO OJHO U TO K€ MECTO
Ha IIKaJie COOTBETCTBYET, HAIpUMeEp, U uuciy 14, u yucny 0,14, u uyncimy 1400, n
yucay 0,00014... To ecTb Ha HyJIU TIepe] IEPBOIM HEHYJIEBOM LU(POM, U HA HYIU
MocJie TIoCTIeTHEN HEeHYIeBOM nudpbl MOXHO He oOpamarh BHUMaHus. [loaTomy
yMHOXeHUe, Hanpumep, 2 Ha 3, 2000 na 0,03 umu 0,002 ma 0,3 — Bce 3TO
COOTBETCTBYET OJTHOMY M TOMY K€ ITOJIOKEHHUIO IIKAJI.

Ha nuneiike mo4yTH Bcerjia MOXKHO TOJYYUTh JBE-TPU 3HAUAINIUE HUQPPbI
4ucia, a €CJIM B KOHKPETHOM MECTE JIMHEWKE pa3Mephl IEJICHUI KPYIHbIE, TO MPU
XOpOIIIEM TJ1a30MEPE MOKHO MPUMEPHO TOIYUYHUTHh U YeTBEpTyIo mudpy. Jluneika
— HE KaJIbKYJISITOpP, KOTOPBIM TOYHO BbIJAeT Bce U phl oTBeTa. Ha Heil pesynbrar
OKa3bIBa€TCA, KaK MPAaBWIJIO, NPUOIMKEHHBIM. JDTO, KOHEYHO, HE 3HAYUT, YTO HE
CIIElyeT CTPEMUTbCS YCTAaHABIMBAThb W OTCUMTHIBATH YKCJA AKKypaTHO H
BO3MOYHO TOYHEE.

[Ipy uMcTO MaTeMaTHYECKHUX pacueTax MOXKET BbI3BaTh 3aTPyJHEHUE
BOIIPOC: @ KAKOE BCE K€ YMCIIO MOJY4YMSIOCh B 0TBeTe? BO Bcex mepeunciaeHHbIX
clly4asiX TOCJIEIHEro MNpHUMepa OTBET Ha MIKajle OyneT MNpeaCTaBIsATh COOOM
3Havanryo mudpy 6. Ho uro ato, npocto 6, unu 600, umu 0,0006? s perneHus
3TOr0 BONpPOCa B MPUHIUIE CYHIECTBYIOT (hopMajbHbIe MPaBHIIa, KOTOPHIE 37ECh
npuBOAUTHh He OyneM. [IpakTudyecku ynoOHEe MOCTYHUTh CICTYIOIIMM 00pa3oMm:
OKPYTJINTh COMHOKHTEIM HACTOJBKO CHUJIBHO, IO TAKUX «TPYyOBIX» 3HAYCHH,
9TOOBl WX YMHOXXEHHE MOXXHO OBIJIO JIETKO BBIIOJHUTH B yMe. [lopsmok
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MOJIYYCHHOTO «TpyOOTr0» 3HA4YeHHWS W OyJIeT TakuM JKe, KaK y TPaBUIBHOTO
TOYHOT'O OTBETA.

Hanpumep, eciin ymuoxanocs 450 Ha 0,3, To MoxkHO okpyriuth 450 no 100,
a 0,3 okpyrnute g0 0,1. Herpynno cocumtars, uto 100x0,1=10. Ha mxkamax
JUHEWKW Tmonydarcs 3Hadantue mudpel 1, 3 u 5. CnenoBarenbHo, oTtBeT 13,5
(6mmke Becero kK okpyriaeHHomMy otBety 10), a He 1350 u me 0,00135.

Heobxoaumo 3aMeTuTh, YTO TAaKOro poja MpoOJeMbl BO3HUKAIOT TOJIBKO
MpU PEIICHUU JOBOJBHO a0OCTPaKTHBIX MaTeMaTH4ecKuX 3anad. llpu pemeHun
HA8U2ayuoHHbIX 337124 OOBIYHO Mpo0JieM HeT. Eciau muioT pacCUMThIBAI MMYTEBYIO
CKOPOCTb | TIOJTyYHJI Ha JIMHEHWKE YHCIIO 3, TO U TaK SCHO, 9YTO CKOpOcTh 300 km/4,
a 3, ve 30 u me 3000.

Ha norapudmuueckoit TuHeHKe MOKHO HE TOJBKO JEIUTh U YMHOXaTh. Ha
HEll MHOTO IMTKaJI U HEKOTOPBIC IMOCTPOCHBI TAKMM 00pa3oM, YTO OTKJIAIBIBAIOTCS
HE IPOCTO Jiorapumbl yucen, a JorapupmMbl KaKUX-TUO0 dJIeMEHTAPHBIX QYHKIUN
TUX 4YHUCEJ, HAlpUMEp, CHHYCOB, KBaJIpaTOB, 3KCIHOHECHIIMAIBHBIX (PYHKIUH.
[ToaToMy Ha JMHEHKE JIETKO BBIMOJHATH OINEpalid U C ITUMU (DYHKIUSIMHU,
HaIMpUMEpP, YMHOKHUTh YUCJIO HAa TAHT€HC KaKOro-Tu0o yria.

HIkanvt nasuzayuonnou nuwuenxu HJ/I-10M. HapuramuonHas JIUHEHKA
OTIIMYAETCSl OT OOBIYHOM YHUBEPCAIBHOW JIOrapu(PMUUYECKON JHMHEHKH TeM, UTO
HIKaJbl ee 0oJiee MPUCIIOCOOJIEHBI I PelIeHUs UMEHHO HaBUTAI[MOHHBIX 3aj1ad.
Bnepseie B8 CCCP uaest HaBUTallUOHHOW JMHEWKH ObUIa mpejioxkeHa B 1923 r.
KOHCTpykTOopoM B.I'HemumnoBsiM, a B 1928 r. mrypmMan aBuanuu
Yepuomopckoro ¢aota JI.C.IIonmoB CKOHCTpyHpOBal NEPBYIO HABUTAIMOHHYIO
nuHeliky. Ha Hell ObUIO COBCEM Maylo HIKaJI M, CJIEIOBATENIBHO, C €€ MOMOIIbIO
MOXHO OBLJIO pelllaTh HE TAK MHOTO BUJIOB HABUTAIIMOHHBIX 3a/1au.

Ho nuHeiika coBeplieHCTBOBaNACh, MOSBJISUIUCH €€ HOBBbIE MOAU(DUKALIUU
(HJI-7,8,9,10) ¢ nononHuTeI-HBIMU IIKaamMu. Yxe B 1939 r. Ha nuHelike Op110 12
mikad, a nociennsst moauduxarus HJ1-10M conepsxut 17 mikai.

JluHelika MMeEeT JIMIIEBYIO U OOpaTHYIO CTOPOHBI (puc. 4.5) M COCTOUT U3
TpeX dYacTeil: ocHOBaHWE (KOpITyC), MBIKOK W BusMpka. Kaxnmas mikama umeer
Ha3BaHHE U HOMEP, MO3BOJISIIOIINN JIETKO HA HEE CChITIATHCS.

Mpbl paccMOTpUM TOJIBKO HEKOTOpBIC, HaWOOJIee YacTO MCIOJb3yeMbIe
IIKaJIbl JuHeWKu. Mcrmonb30BaHue ApYyTrHX IIKajd OyJIeT pacCMOTPEHO 10 Mepe
HEOOXOIMMOCTH PEUICHUS Pa3IMYHbIX HABUTAIIMOHHBIX 3a/1a4.

Hanbomnee yacTto MCMOIB3YeMBIMH SIBJISIFOTCSI IIKAJIbI C MEPBOM MO MSATYIO
(cMm. puc. 4.5). Paccmotpum ux 60s1ee moapoOHo.

Ulxana 1, Ha3pIBaeMas MIKAJION PACCTOSIHUM M CKOPOCTEM, COCTOUT U3 TPEX
nekan. Jlekaga — 3TO 4acTh Jiorapu(MUUECKOM IIKaiabl OT OJAHOW €IWHHUIIBI 0
JIPYro eIMHUIIBI KAkl Wnu, 4To TO ke camoe, 10 NECATKH, MOCKOJIbKY HYJIU Ha
JorapuMUYECKON IIKaJe HE UMEIOT 3HaueHus. Ha oOwpruHO# nmorapudmMuyueckon
JUHENKEe HaHECeHa BCEro OJHa Jekaaa. B 3Tom ee HEymoOCTBO, TMOCKOJBKY
MPUXOIAUTCS  «mepedpachkiBaTh JABUKOK», KOTJa PE3yJbTaT pacdyeTa BBIXOAWUT 3a
npeAebl Kb
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Ha mkane 1 HJI-10M HnHaneceHo moapsin Tpu Aekaiasl. OHH OTIMYAOTCS
JpyT OT Jpyra Tonbko omudpoBkoil. [lepsas nexana ot 1 go 10, Bropas ot 10 1o
100, tpetbst ot 100 1o 1000. ITockoJIbKY HyJIM B MPUHIIMIIE HE UTPAIOT POJIHU, TO
ATO TPU OJUHAKOBBIC AeKajbl. OHU a0CONIOTHO PABHOLICHHBI, XOTS U HECKOJIBKO
pa3IMYaOTCA B TPAIyUPOBKE MEJIKUX JIEJICHU.

Takoe ycTpONCTBO IIKadbl IMO3BOJSET MepeOpachiBaTh IBUKOK TOpaslo
pexe, Belb €CIM pe3ysbTaT pacdeTa BBIIIEN 3a MPEAeiabl OJHOM AEKaabl, TO OH
TIOIAJT HA KAy CIEAYIOIIEH.

Llxana 5 sBnsercs aOCONIOTHO TaKo# ke, Kak W mkana 1. Ecnu yctaHoBUTH
BU3UPKOI KaKoe-TMOO0 YMCIIO Ha IIKale 1, OHO )K€ OKaXeTCsl YCTAHOBJICHHBIM Ha
mKasne S.

llxana 2 Ha3pIBa€TCA IIKAJIOM BPEMEHHU, HO, KOHEYHO, HA HEU MOXKHO
yCTaHaBIMBaTh HE TOJBKO Bpems. Bropas (cpeanssi) nekana 3TOW IIKabl
MOJIHOCTBIO UACHTUYHA CpeIHEW JeKale mKaiael 1. B mepBoi nekane coBmaaaroT
TOJIBKO OIIU(POBAHHBIE JIEJICHUS, a 00Jiee MEJIKUE — HET. 3/1eCh KaKJI0€ JIEJICHUE
pazouro He Ha 10 uacreid, a Ha 6. Benp 310 mKkana epemenu, a B MuHyte 60
cekyHl, B yace 60 muHyT. Takoe NOCTpOEHHE IIKaJlbl MO3BOJSAET YI0OHO
OTCUMTHIBATh Ha HEW BpeMs. OTBET MOJYUUTCS Cpa3y B MUHYTaxX U CEKyHJax, a HE
B MUHYTaX U JIECATHIX AOJSX MUHYTHI.

Tperbs nexana mikanasl 2 TakXke IMOCTPOEHA TakK, 4YTOObI ObUIO YIOOHO
paboTaTh C BpEMEHHbIMU BelMuMHaMU. B TomM Mecrte mikanbl, rae Ha mkane 1
ctout yucio 120, na mxkane 2 crout uudpa 2. Hanpotus 180 cTout 3 u Tak nanee.
OT0 MO3BOJSET MOJIy4aTh OTBET B YacaX M MUHYTaX (MM MUHYTaxX M CEKYHJIaX).
Bensw, Hanpumep, 180 MuHyT — 3TO TpH Haca.

Takoe mocTpoeHue MEepBOM W TpeTheH JeKaJl IKadbl 2 YIO0OHO, eciH
paccUMTHIBAETCS MMEHHO Bpems. EciM ke Ha 3THX MIKalax pacCUUTHIBAIOTCSA
BEJIMYMHBI COBCEM JPYTOro pojia, HalmpHUMep, pacCTOSHUSA, TO TaKOE yCTPOMCTBO
IIKaJ HEy1I00HO — BeJb JACJICHUS pa3/ielieHbl Ha 6 yacTei.

Illxana 4 Ha3pIBAETCS MIKAJION TAaHTEHCOB U olvdpoBaHa B rpagycax ot 0,5°
no 85°. Jlenenus AJis yrioB, MEHBIINX, YEM JECITh IPayCcoOB, pa3/ieiieHbl Ha Ooee
MeJIKUe MHUHYTHBIE neneHus. Heobxoaumo moMHuTh, uyTo B 1° comepxkutcs 60
MuHyT (60") ¥ TOrma JIerKO OompenenuTh IeHy aeieHus. Hampumep, uHTEepBan
mkanel oT 1° go 2° paszgeneH Ha miecTh AeneHui. ClenoBaTenbHO, Kaxk0€
nenenue cogepxut 10'.

llxana 3, HaHECEHHas IOCEpPEOWHE ABWKKA, 3TO IIKaja CUHycoB. OHa
uMeeT ABOiHYI0 oundpoBKy. Haunnaercs ¢ 5° u yBenuuuBaetcs Brpaso 110 90° no
HUKHEH YacTH ILIKaJbl, @ TOTOM BO3PACTAET YK€ BJIEBO MO BEPXHEH YaCTH ILIKaJIbI
1o 175° . Takum obpazom, Hanpumep, 15° u 165° — 310 (hakKTUYECKH OJTHO U TO KE
MECTO Ha mIKajie. Hu4ero yiuBUTENIbHOTO B 3TOM HET, MOCKOJBKY

sin a = sin (180 — «).

Ha mkanme cunycoB BOmm3u 3HaueHus 90° neneHUs pacmloiiOKEeHbI
HACTOJIBKO OJIM3KO, YTO HE XBATHJIO MecTa Nyl ux ornudpoBku. [locne 3HaueHUs
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60° cnenyromee oruppoBanHoe 3HaUeHHE yxe 90°, a 70° u 80° He omm(ppoBaHEHI.
B »TOoM ciywyae, 4TOoObl HalTH HYXHOE MECTO Ha IIKaje, CleayeT oOpaiarh
BHUMAaHHE Ha JJIMHY PHUCOK, TOCKOJIbKY BCE JI€CATUIPAJYyCHBIE PUCKH OJIHOM
JUTUHBI.

Ecnu yrosn, cuHyc KOTOpOro HEoOXOJUMO ONPEIEIUTh, COCTABISET MEHEE
5°, TO 715l €r0 OMpeeNeHus CIEAYeT MOIb30BaThCs IMKAIONW TaHTeHCOB (11Kana 4).
DTO O0O0BSACHSETCS TeM, YTO CHHYChl M TAHTE€HCHl MaJIbIX YIJIOB OY€Hb OJU3KHU U
HEpa3Iu4YUMbl B Ipe/iesaX TOYHOCTH JIMHEWKHU. [103TOMy pa3pabOTUMKH JIMHEWKH
pPEUININ, YTO HET HEOOXOAMMOCTH HAHOCUTD PAJIOM JIBE MPAKTUYECKU OJIMHAKOBBIC
TITKAJTBL.

Llxana 6 obo3naueHa Ha nuHelke Kak «V:100». DTo 00BACHICTCS TEM, YTO
IpU ONpENENIEHUH pajadyca pa3BoOpOTa HAa HEW YCTAHABIMBAETCS HMCTHHHAS
CKOPOCTb, BBIp@XXE€HHAsl B COTHSAX KWJIOMETPOB B yac. Ha 3Tol miKaie HaHeceHBbI
3HAYEHUA, KOTOPBIE ABJISIIOTCS KBAJAPATHHIMU KOPHSMH M3 3HAUCHHUM HA IIIKaye O,
MO3TOMY C TTOMOIIIBIO KA 5 U 6 MOXHO BO3BOAUTH YKCIIa B KBaJIpaT U U3BJICKATh
KOPHHU.

Ochosnwie kntouu ona pacuemos na HJI-10M. HebGonbime rpaduueckue
CXEMBbl, IOJICKa3bIBAIONIME KaK PEIIMTh Ty WJIM WHYIO 3a7ady Ha JHUHEiKe, B
aBUAllUM W3JIaBHA HA3BIBAIOT «KItouamMmu». KiTlo4 moka3bIBaeT, Ha KaKUX MIKajlax
CJIelyeT YCTaHABIMBATh MCXOJIHBIE JIaHHBIE, KaK IIKAJbl JOJKHBI OBITh CIBUHYTHI
JIpYr OTHOCUTEIBHO JIpyra U /i€ OTCUMTaTh OTBET. IIpuBeaeM TOJIBKO HECKOJIBKO
CaMbIX paclpOCTpaHEHHBbIX Kiro4el. J[lpyrue OynyT paccMOTpeHbl jajiee, a
HEKOTOPBIE YK€ HAMU HCIIOIb30BAJIMCH.

1. Ymnoowenue uucen MOXKHO BBIIOJIHUTH Ha 1IKajgax 1 U 2 B COOTBETCTBUU C
kiodoM (puc. 4.6).

@ a abl=?
@ |

|
10 b

Puc. 4.6. YMHOXeHUe ynucen

Uucno 10 na mkane 2 nuHedku (OHO OOBEACHO KBaJIpaTOM, YTOOBI Jierde
HaWTH) cleAyeT, CABUHYB JIBI)KOK, YCTAHOBHUTH HA TEPBBIM COMHOXKUTEIH & TIO
mkane 1. Torma HampoTWB BTOPOro COMHOXHTENS b (Ha mikane 2) MOXKHO IO
mkaige 1 oTcuuTaTh pe3yabTaT yMHOKeHus ab.

Uucno 10, oOBemeHHOE B KBaJpaTHK, SIBISCTCS «EAMHHIICH» (HAYAIOM)
BTOPOM JI€KaAbl MIKAJIbl. BMECTO HEE MOXKET UCIOJIb30BATHCSA U €AWHHIA TTEPBOM
nekanbl (HaamucaHa Kak 1) i enuHuIa TpeThell aekansl (o0o3nauena kak 100 u
TOXe 00BejIeHa TPSIMOYTOJILHUKOM ).
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Puc. 4.5. JIuneBas u oOpaTHasi CTOpOHBI HABUTalIMOHHOM nnHeliku HII-10M



2. Jlenenue uucen — onepanys ooparaas ymHoxeHuto (puc. 4.7).

a
="
b H
® . T
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@ 10 b

Puc. 4.7. Jlenenue uncen

3. Pacuem paccmosinus, ckopocmu, épemenu. 1pu penieHNN HaBUTAITMOHHBIX
3aJ1ay yacto TpeOdyercs, 3Has ckopocTh W 1 Bpems t, omnpenenuTs NpoiiieHHoe 3a
3TO BpeMs paccTosinue S. Mnu Hao00poT, M0 CKOPOCTU U U3BECTHOMY PACCTOSIHUIO
ONpPENEIUTh BpeMsl IMoJieTa, JIMOO  ONpeNenuTh CKOpocThb, 3Has, yto BC 3a
OMpENICICHHOE BpeMsl MPOLLIO OmpeAeneHHoe paccTossHue. COOTHOIIEHUS,
CBSI3bIBAIOIIUE ATU BEJIMYMHBI, BCEM U3BECTHBI:

Takum oOpa3om, pelieHue OSTUX 3aJlad CBOJUTCA K YMHOXKEHHUIO WU
JICJICHUIO, BBIMOJIHEHHWE KOTOPBIX Ha JIMHEWKE Yyxe paccMmoTpeHo. Ho ecThb
HeOoubImas MpodiieMa, CBS3aHHAs C CIWHHUIIAMHA HM3MEpPEHUs] ITHUX BelW4yuH. B
aBHAIlUM B TOJIETE MO MApIIPYTy IMPHUHITO PACCTOSIHUE U3MEPATH B KUIJIOMETPAX,
CKOpOCTh B KHWJIOMETpaX B 4Yac, a BpeMs — B MuHyTax. Ecium npocto B
COOTBETCTBHH C IIPUBEJCHHBIMU (pOpMYJIaMH, HAIIPUMED, PACCTOSTHUE TIOACIUTh Ha
CKOPOCThb, TO BpEeMs IOJY4YUTCS, pa3symeercsi, B yHacax, a HE B MHHYTaX, Kak
TpedyeTcsi. Ho mosiydeHHbIe 4achl JIETKO MEPEBECTH B MUHYTHI — JJIsl 3TOTO Ha ITUX
K€ IIKaJIaX HY’KHO YMHOXHTh BpeMs Ha 60.

OO6e mpoBeJIcHHbICE MaTEeMAaTUYECKUE OINepalud MOXXHO OOBEIUHUTH OJHUM
kiodoMm (puc. 4.8).

@ t A

MWH

® S KM WIKM/H

Puc. 4.8. Pacuet paccTostHusl, BDEMEHHU WM CKOPOCTH

Bmecto uncna 60 Ha mkane 2 CTOUT TPEYrOJIbHUK KPACHOTO I[BETA, YTO
o0Jieryaer uCroJib30BaHUE KITI0Ya.

[To maHHOMY KJIFOUY MOKHO PEIaTh JIIOOYI0 U3 TpeX MEePEUYHCICHHBIX 3ajad,
TO €CTh HAXOAUThH PACCTOSTHUE, BPEMSI, HJIK CKOPOCTb.
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4. Ilepesoo ckopocmu u3 KUIOMempo8 6 4ac 8 Mempvl 8 CEKYHOY Ulu
oopamuo. B xumomerpe 1000 metpoB, a B yace 3600 cexyna. [Toatomy, 4T0OBI
MEPEBECTU CKOPOCTh U3 M/C B KM/4, HEOOXOJIMMO €€ YMHOKUTh Ha 3600, moayyus
KOJIMYECTBO METPOB, MPONACHHBIX 32 Yac, a 3aT€M, YTOObI MOJYYUTh KHUJIOMETPHI,
pa3enuTh Ha Thicsdy. B WTore mosmyyaercsi, 4YTO HY>KHO YMHOXUTh Ha 3,6. Ha
COOTBETCTBYIOIIEM JTOMY YHCIy MeCTe€ IIKaldbl 2 CTOUT  KPacCHBIM
MOJTy3aKpAIIeHHBIN KPY>KOK.

C moMomipio KIIF04a MOKHO TI€PEBECTH CKOPOCTh U3 M/C B KM/4 U U3 KM/4 B
M/c (puc. 4.9).

KM/Y

@ W m/c SKM W

@ ¢

Puc. 4.9. M3MeHeHue eqUHUL U3MEPEHUSI CKOPOCTH

[Io sTomMy >ke KIIOUYy MOXHO ONPEICIUTh BpEeMs IO PACCTOSHUIO WITU
paccrositHue 1o BpeMeHH. [ 3TOro HY>KHO YCTaHOBHUTH CKOPOCTH (IECATKOW B
KBaJIpaTUKE, €CJIM OHA BBIPAXKEHA B M/C, WJIM KPACHBIM KPY>KKOM, €CJIH OHa B KM/4).
B sTOoM ciydae HampoTUB JIO0O0TO pacCTOSHUS OYyJET CTOSTh COOTBETCTBYIOIIEE
Bpems. Ho, B oTiimume oT kioda (cMm. puc.4.8), B JaHHOM cllydae Bpems Oyner
BBIPAXEHO 6 CeKyHOax, a HE B MUHYTaXx.

OTOT KIJII0Y yA0OCH JIJIs pacueTa 3JIEMEHTOB 3aX0/a Ha MOCAAKY, KOT/Ia BpeMs
MoJieTa Ha y9acTKaX CXEMBI 3aX0fa KOPOTKOE M JJIsi TOYHOTO ONPEEICHUS €ro
JydIIle pacCYUTHIBATH B CEKYHIAX.

5. Vmnoowcenue u oenenue uucia Ha mpuecoHoMempu4eckyio yHKyuo.

JIist yMHOKEHUs JT'000TO YKCIia & Ha CUHYC WJIM TaHTeHC KaKoro-imbo yria o
HEOOXOJMMO YCTAaHOBUTH YEPHBIH TPEYrOJIbHUK, HAHECEHHBIM Ha Imkane 4, Ha
YUCJIO A T10 IIKaJe 5 W HanmpOTHB 3HAYCHMS yIJia 0L OTCUATATh HA TOM XK€ IIKAJIE 5
pe3yJIbTaT YMHOXKEHHS, TO eCTh asin a. [Ipu yMHOXEHHH Ha CHHYC yroJjl CIeayeT
YCTaHOBUTh HA IIKAJI€ CHHYCOB, a MPHU YMHOXCHUM HA TAHTE€HC — Ha IIKaJe
TaHrencos (puc. 4.10)..

© o 90'°-oc
®_¢ 1
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Puc. 4.10. YMHOX€eHUE HA TPUTOHOMETPUYECKYIO (DYHKITUIO

YMHOKEHHE 4YucClIa HAa KOCHHYC YIJla TaKXe BBIINOJHAETCS € MOMOILIBIO
HIKajabl CUHYCcOB. IIpu 3TOM ucnosb3yercst U3BECTHBIN (haKT, UTO KOCUHYC yriia o
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paBeH cunycy (90°— a). CnenoBarenbHO, 1711 YMHOKEHHUSI HA KOCUHYC Ha IIKaJie 3
HYKHO YCTaHOBHUTb HE CaM YToJl, a €ro JonojHenue 10 90° .

6. enenue uucna na mpueconomempuieckyro @ynkyuio — onepaius oopatHas
yMHOKeHHIO. HaliT yacTHOE OT JeNieHUsl YKiClia, HapUMep, Ha CUHYC yIjla — 3TO
3HAYUT HAUTH TaKO€ YMCII0, KOTOPOE MPU YMHOXEHUH HAa CHHYC JAaCT UCXOJHOE
YHCIIO.

UToOBI pa3fenuTh YUCIO HAa TPUTOHOMETPUYECKYIO (DYHKIIMIO HEOOXOIMMO
COBMECTUTh YHCJIO Ha IIKale 5 W 3HaueHHWE yria (Ha IIKaje CHUHYCOB WJIH
TAHT€HCOB, B 3aBHUCHUMOCTH OT BHJa TPUTOHOMETpHUYecKoil (yHKuuu). Pesymnbrar
MOJKHO OTCYHMTATh HAIIPOTHUB YEPHOTO TpeyroyibHuka (puc.4.11).
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Puc. 4.11. JleneHne HA TaHT€HC

[Ipy geneHuMy Ha KOCHMHYC Ha IIKaJI€ YCTAHABIMBACTCS HE caM Yroj, a ero
nonoJjinenue 10 90°.

4.2. IIpoune BUABI CYETHOTO IITYPMAHCKOI0 HHCTPYMEHTA

Bempouem. MHorue aBHAllMOHHBIE MNPUOOPHI W YCTPOWCTBA HMEIOT B
KauecTBe MpoolOpaza aHAJOTMYHbIE TEXHUYECKHE CpPEICTBa, NPUMEHSEMbIE B
MOpCKOU HaBUTAllMU. B OTIM4Ke 0T HUX BETPOUYET — CNEUUPUUECKU a8UAYUOHHOE
ycTpoicTBo. B TOM BuIEe, B KOTOPOM OH HamOoliee IMIMPOKO MCHOIb30BAJICH,
BeTpoueT Obl1 ckoHCTpyupoBaH b.B.Ctepnurossim B 1927 1 (puc. 4.12).

Berpouer, B oriinune ot HJI-10, npennasHayeH 1jsi peleHus TOJIbKO OJHOTO
Kjlacca 3aJad — TeX, KOTOpbIE CBA3aHbl C PEIIEHHEM HaBUTALIMOHHOTO
TpeyroJibHUKa ckopocTeid. C MOMOIIBIO BETPOYETa HE BBIYMCIISIFOT, HE CUMTAOT.
OTO HE BBIUHUCIUTEIBHOE, a MEXAaHWYECKOE YCTPOWCTBO, KOTOPOE IO3BOJISET
rpaUyecKkd peluTh TPEYroJbHUK CKOPOCTEH, IMOCTPOMB €ro C MOMOIIbBIO
ITOJBUKHBIX COCTABHBIX YaCTEN YCTPOMCTBA.

Berpouer cocTOMT W3 TpeX 4YacTeil: CEKTOpa, a3MMYTaJbHOTO Kpyra u
muHelku. CeKTop sBIsieTCS OCHOBaHMEM NpHOOpa, HA HEM HAHECEHa IIKaja yrioB
cHoca. Honb 3TOW MIKaibl CTOUT HANPOTHB KYpPCOBOW YEPTHI, BJIOJIb KOTOPOW B
CEeKTOpe caenana npopesb. [1o 3Tor nmpope3n MOKHO NMEPEMENIATh a3UMYTaIbHbIN
Kpyr. MecTononoxkeHue IEeHTpa Kpyra MOXHO 3a(UKCUPOBaTh BHHTOM C
OapamkoM (¢ 0OpaTHOW CTOPOHBI CEKTOpa). A3ZUMYTaJbHBIN Kpyr oLM(pOBaH OT
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Hynst A0 360° u moxkeT Bpamatbes. Ha nuHelike, TPUKPEIJIEHHOW K CEKTOpY
BUHTOM, HaHECEHa IIKajga CKOPOCTEH.

Puc. 4.12. Betpouet

A3UMyTaNbHBIA KPYT CIYKHUT JJIsi YCTAaHOBKM KYpPCOB, IyTEBBIX VIJIOB,
HampaBJeHUs BeTpa W Apyrux BeaudyuH. OH HW3rOTOBJIEH M3 MaTepuala, Ha
KOTOPOM MO>XHO PHMCOBATh KapaHIaIllOM, HampuMep, HAaHECTH BEKTOp BETpa, a
3aTEM JIETKO CTEPETh HAPUCOBAHHOE.

HaBuraimoHHbIil TpEeyroJIbHUK Kak Obl MOJEIUPYETCS COOTBETCTBYIOIIUM
B3aUMHBIM pacrojoKeHueM vacTe BeTpouera. MeTonuka MPUMEHEHUS
BETpoYeTa Il pEHICHUS KOHKPETHBIX HABUTAIMOHHBIX 3a7ad 371eCh HE
MPUBOJIUTCS, TOCKOJIBKY BETPOUYETHI JJABHO HE IPOU3BOJIATCS U HE IPUMEHSIOTCS B
MIPAKTHUKE TIOJIETOB.

Haguzayuonnvie pacuemuuxu. IlIkanpl HABUTAaMOHHOW JIMHEWKW B
MPUHITUIIE HE 00S13aTENHHO JTIOJDKHBI OBITH MPSMOJTMHEHHBIMUA, OHU MOTYT OBITH U B
BUJE OKPYKHOCTM. HaBUTranMOHHBIM pacueTynK npeACTaBiseT cobol B
ONPENICICHHOM CMBICIIE HABUTALIMOHHYIO JIMHEHKY C KPYrOBBIMHU IIIKaJlaMH,
O00BEMHEHHYIO ¢ MOIU(MUIIMPOBAHHBIM BeTpoueToM (puc. 4.13). C ero momoIpko
MOXHO pemarh OOJbIIOe KOJMYSCTBO HABUTAIIMOHHBIX 3ajad. 3ajadyd 10
HABUTAIIMOHHOMY TPEYTOJIbHUKY CKOPOCTEH, Oyiarogaps HaJIWYHIO BETPOYETA B
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LHEHTPE pacueTuyMKa, pemalTcs Oosee MNpocTo W HarasaHo. Ho pemnenue
HEKOTOPBIX IPYTUX BBIYMCIUTEIBHBIX 3a/1a4 MOAYAC SIBISIETCS 00JIee CI0KHBIM 13-
3a 0coOeHHOCTEM 1IKall. B Halei ctpaHe BBITyCKaJCs HABUTAMOHHBIA pacyeTunK
koMOuHupoBanHbelii HPK-2, HO OH He Hamien HHMPOKOro pacnpoCTpaHEHUs B
JneTHOM mnpakTuke. OCHOBHBIE MPUYMUHBI 3TOTO — XPYIKOCTh IUIACTMACCOBBIX
yacTell mnpubopa M TpHUBBIYKA JIETHOIO COCTaBa K NIPOCTOM W HAACKHOU
HaBUTALIMOHHOM JIMHEUKE.

Puc. 4.13. HaBuraumonusiii pacuetunk HPK-2 (nuueBast u oOpaTHasi CTOpOHBI)
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Hasuzayuonunwvie kanvkyaamopwl. B 70-e robl 31€KTPOHHBIE KATBKYISITOPBI
CTalM HCIIOJIb30BAaThCA M B aBUALMU. 3a PyOEKOM BbIMYyCKaeTcsi OO0JbIIOE
KOJMYECTBO  PA3NMYHBIX  BHJOB  CIICHUAIM3UPOBAHHBIX  HABUIALlMOHHBIX
KaJbKYyIsTOpOB (puc. 4.14-4.16). KanbKynsTOpbl UMEIOT BCTPOCHHBIE MPOrPAMMBbI
JUISL PpELICHHs pa3IM4YHBIX BHJIOB HAaBUIallMOHHBIX 3axad. Ilosmb3oBarenro
HEOO0XOMMO TOJIBKO YCTAaHOBUTH HYKHBIN PEKUM U BBECTH HCXOJIHbIE 1aHHbIE. B
Poccun noka (2013 r.) HU OJHO MPEANIPUATHE HE OPTaHU30BAJIO MACCOBBII BBIITYCK
10JTOOHBIX YCTPOUCTB.

Puc. 4.14. HaBurauuonusiii kanskysstop Tamaya NC-99

avs’f'ar

S TAMAYA NAVIGATOR NC-2000

POCKET COMPUTER

——MOOR <+ 2 ——

MENU RCM (M—

8 [ccel LooKg  Keelh  FieM

5

. ' e, [ ]

‘::.,‘:\14%51 J

Puc. 4.15. Hapuranuonnsie kanpKymsTopsl Tamaya NC-2000 u Avstar
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Puc. 4.16. HaBuranmonusie KanbKyssitopel Techstar u Commodore
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5. ABMEPEHHUE KYPCA

5.1. ®u3znyeckue NPUHUMIIBI K3MEPEHNsI Kypca H BHAbI KyPCOBBIX IPHUOOPOB

Kypc xapakrepusyet HampasiieHHe Ipo10sibHOM oc BC B ropr3oHTanbHON
IJIOCKOCTH, TO €CTh MOKAa3bIBa€T, KyJa HAaIpaBlIeH «HOC» camojera. OH umeeT
OOJNbIIOE 3HAYEHHWE [JIi HaBUTAlMM, TOCKOJBKY OJHOBPEMEHHO SBIISETCS H
MUJIOTKHBIM, W HAaBUTAIIMOHHBIM 3jieMeHTOM. OueBuaHO, uTo Ha Oopty BC
JIOJKHBI OBITh HABUTAIIMOHHBIE CPENICTBA JJIsI HEMPEPHIBHOTO U3MEPEHUST Kypca.
WX Ha3BIBAIOT KYPCOBLIMU NPUOOPAMU AT TIPOCTO KOMNACAMU.

Kypc mnpencraBisier coO0i yroa B TOpPU30HTAIBHOM IIJIOCKOCTH MEXKIY
HaIpaBJICHUEM, MPUHATHIM 32 HAYaja0 OTCYETa M HAMPABICHUEM MPOEKIINHU HA ATy
I0CKOCTh TpoaosibHON ocu BC. UToObl  pusnyuecku M3MEPUTH 3TOT yroy C
MOMOIIbI0 TEXHUYECKOTO YCTpoicTBa (Kommaca), HEoOXOAUMO 3HaTh 00a ATH
HarnpasyieHusi. O4eBHIHO, YTO HaIpaBJeHue npoaosibHou ocu BC Bceraa u3BecTHo
— Bedb KOMIIAC HaxoauTcss Ha Oopty. CrnenoBaTelbHO, TJIaBHas MpodiiemMa
3aKJII0YaeTCsl B TOM, YTOOBI B JIFOOOM MOMEHT 3HaTh, KaK MPOXOJUT HAINpaBICHUE
Hayaja OTCYETa HE3aBUCUMO OT TOT0, KAKOE MOJIOKEHUE 3aHUMAET CAMOJIET.

B 3aBucumMocTH OT TOro, KakuM 0O0pa3oM ONpeNeNsieTCs HampaBlICHUE
Hayaja OTCYeTa, PA3IMYaloT Cleayrolue (QU3nYecKrue NTPUHIUIB HU3MEpPEHUs
Kypca 1, COOTBETCTBEHHO, BUJIbI KOMIIACOB.

1. Maenumnoiti npunyun. OCHOBaHHbIE HA HEM KYpPCOBBIE HPHUOOPHI
Ha3bIBAIOT MarHUTHBIMU KoMracamu. HampapieHueM Hayajga oOTcueTa CIIYKUT
HalpaBJICHUE TOPU3OHTAIIBHOW  COCTaBIISIIOLIECH  BEKTOpa  HANpPSKEHHOCTHU
MarHuTHOTO TMOJig 3eMJIM, Ha3blBAEMOE CEBEPHBIM HAIPaBICHHUEM MAarHUTHOTO
MepuJraHa. OJTO HalpaBJICHHUE HENPEPHIBHO OMNPEACNISCTCS UYyBCTBUTEIbHBIM
AJIEMEHTOM MAarHUTHOTO KOMIIACA.

MarHuTHbld  KOMITAC  SIBJISIETCS  CaMbIM  JIPEBHHM  HAaBUTAllMOHHBIM
npubopom. B nuteparype gacto ynmoMuHaeTcs, 4To oH ObUT u300pereH B Kurae
€lIe 0 Hallel 3pbl, HO 3TO YTBEPKIAECHUE Y MHOTUX YUYEHBIX BbI3bIBAET COMHEHHSI.
TouyHO m3BeCTHO, 4TO B EBpoOne MarHUTHbIE KOMIIAChl JJIsI MOPCKOM HaBUTallUU
Hauaau w®cnosb3oBathest C¢ Xl Beka Hamied 3pel M HENPEPHIBHO
COBEPIIEHCTBOBAIKC.

2. T'upockonuueckuit npunyun. I'MpocKom — 3TO OBICTPO BpallaroIIeecs
Teno. B COOTBETCTBUMU C 3aKOHAMU MEXaHUKU TUPOCKOI CTPEMHUTCS COXPAHSTh
HalpaBJICHUE OCHU CBOEro BpallleHUs] B TMPOCTPAHCTBE. B THPOCKOMUYECKUX
KoMIacax TMpOCKON MOMENIAIOT B CIENHAIbHOE YCTPOMCTBO — KapJaHOB IOJIBEC,
KOTOpBIM oOOecreurnBaeT €My TpU CTENEHU CBOOOJBI M J1a€T BO3MOXHOCTH
TUPOCKONY COXPaHSTh CBOE HaIlpaBJICHHE, HE3aBHCHUMO OT JBOJIIOIUMA caMoJjeTa
(KpeHOB, TaHTaxa, pa3BOpoTOB). HampaiieHHEe TOPU30HTAIBLHO PACIOI0XKEHHOMN
OCH THUPOCKOIAa U CIIYKUT HaIpaBJICHHEM Hauyajla OTCUETa MPU HMCIOJIb30BAaHUU
TUPOCKOMUYECKNX KOMIIACOB.

3. Acmponomuueckuii npunyun. B BbrUMCIHTENE aCTPOHOMHUYECKOTO
KOMIaca HENpEpPhIBHO  PACCUUTHIBAETCS HMCTUHHBIM  Kypc. [  »Toro
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paccunThiBaeTcs neneHr HedecHoro ceetmwina (Comuina, JIyHbI, 3Be3/bI) B JaHHBIN
MOMEHT BPEMEHU OTHOCUTEIIBHO MEPHUIMAHA MECTA CaMOJIETA U U3MEPSIETCS YroJl
MEXKly IpO10JIbHOM 0ocho BC 1 HanpaBieHUEM Ha CBETUIIO.

4. HUnepyuanvnoiti npunyun. VHepuuanbHble HABUTAIMOHHBIE CHUCTEMbI
OCHOBaHbI Ha u3MepeHuu yckopeHuid BC mo TpeM ocsiM cHCTeEMBbI KOOPJIWHAT H
MO3BOJISIIOT ~ ONpENENSATh B  ToJieTe  OOJbIIOEe  KOJMYECTBO  Pa3IMYHBIX
HABUTAIMOHHBIX MTApaMeTpoB (MIPUHIMI UX PabOThI OoJiee MOAPOOHO PacCMOTPEH
B TJaBe 7 JaHHOrO ydeOHOro mocoOus). C TOYKH 3peHHUS H3MEpPEHHUs Kypca
WHEPIUAIbHBIE CHCTEMBI TPAJULIMOHHOTO THINA HCIOJb3YIOT TMPOCKOMHYECKHUI
npuHOMn. B Takux cucremax yCTpOMCTBA Ui HM3MEPEHUs YCKOPEHHM —
aKceJIepoOMETpPhl — YCTAHOBJIEHBI Ha CTaOWIM3HPYEeMOW C TMOMOIIBI0 TOYHBIX
TUPOCKOIIOB IIaTopMe, KOTOpas Ha MPOTSKEHUU BCEro IOJIETa COXPaHSAET
TOPU30HTAJIBHOE MOJIOKEHUE U COPUEHTUPOBAHA IO MepUIuany. B 3ToM cinyyae He
COCTaBJISIET MPOOJIEMbl U3MEPUTh U OTOOPA3UTh HA HMHAMKATOPAX YTOJI MEXKIY
OCBhIO TUPOILIAT(HOPMBI U MPOIOJIBHOM OCBIO CaMOJIETa, TO €CTh KypC.

Ho B uHepuuanbHbIX CHCTEMax HOBOTO MOKOJEHHUS — OecriaTOpMEHHBIX
CUCTEMax — KypC OINpEAENseTcsl ApyIrMM CIIOCOOOM, YTO MO3BOJISIET OTHECTH €T0 K
OTJEJIBHOMY MpPHUHIMILY OIpeaeneHuss Kypca. B Takux OecriaropMeHHBIX
CUCTEMAX HENPEPBIBHO U3MEPSETCA yrioBas CKOpocTh noBopoTa BC BOKpyr Tpex
NEPIEHIUKYJIAPHBIX OCEH, YTO MO3BOJISET B JIOOOW MOMEHT ONpPEAEIUTh Yroi, Ha
KOTOpPBIM MOBEpHyTa Kaxzaas ocbh (B TOM uucie — mnpoaoisHas och BC)
OTHOCUTEIIBHO TMEPBOHAYAJIBHOTO MOJIOKEHUA. [loaToMy, ecnum B HadalbHBIN
MOMEHT BpPEMEHHM Kypc OBbUI HU3BECTEH, TO €ro MOKHO pacCUeTHBIM IIyTEM
ONPEIENNTH U B JIFOOON NOCIETYIOIINII MOMEHT BPEMEHH.

He3aBucuMo OT mpuHUMIIA JEWCTBUS 000N KOMIIAC BKIIOYAET B ce0s
YYBCTBUTEIBHBIA 3JIEMEHT U UHAUKATOP (yKa3aTenb). UyBCTBUTENbHBINA 3JIEMEHT —
3TO Ta YacTh KOMIAaca, KOTOpas HEMOCPEICTBEHHO ONpPENEsSeT HallpaBiICHUE
Hayvaja orcyera Kypca. MuaukaTop npeaHasHaveH i OTOOpaXeHHUs] H3MEPEHHOTO
Kypca W, Kak MpaBWJIO, IMPEACTaBIsSET COOOW KpPYroByrO IIKally, Ha KOTOpOWH
HAIIPOTHUB CTPEJIKU WM CHEUAIBHOTO HHJIEKCAa MOKHO OTCUUTATh KypC.

Ecnu 94yBCTBUTENBHBINA 3JIEMEHT U MHIMKATOP KOHCTPYKTUBHO COBMEILEHBI,
TO TaKW€ KOMIIAChl Ha3bIBAIOT cosMmewjeHHbiMuU. PazymeeTcs, OHU pa3MEIatoTCs B
KaOMHE JKHIaXKa, MOCKOJIbKY MHAMKATOP JIOJDKEH paclojiaratbes Ha MPUOOPHOM
JIOCKE.

Ecnu xe MHAMKATOp HAXOAWUTCS B KaOWHE 3KUMNaXa, a YyBCTBUTEIbHBIN
anemMeHT B apyroM Mmecte BC, ToO KoMIachkl Ha3bIBAIOT OucmauyuoxHvimu. B
HACTOSIIIIEE  BpEMsl  NPAKTUYECKM BCE  KypCOBble  NpHOOpPHI  SIBIIAIOTCS
JTUCTAaHIIMOHHBIMH.
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5.2. OcHOBHBIE CBEICHUHA 0 MATHUTHOM I0JIe 3eMJIH

[IpyHIMI [EWCTBUS MarHUTHBIX KOMIIACOB OCHOBAH Ha HCIIOJIb30BaHUU
MarHUTHOTO MOJIs 3EMIIH.

Kak u y 60onbpmMHCTBA APYTUX IUIAHET, Y 3EMJIM UMEETCS MarHUTHOE MOJIE.
[Ipeanonaraercs, 4TO OHO BBI3BAHO KOHBEKTHUBHBIM IIEPEMELICHUEM B SJpE
IUIAHETBl PACILIABICHHBIX METAIMYECKUX Macc. Eciaum 3TM Maccsl MMEIOT
AIIEKTPUYECKUI 3apsij, TO UX JBUKCHHE MPEACTABIAECT COOON PIMEKTPUUECKUHN TOK,
KOTOPBIiA, B COOTBETCTBUH C 3aKOHAMU (DU3HMKH, U BHI3BIBAET MATHUTHOE TIOJIE.

MarHuTHbI€ CHUJIOBBIE JIMHUU BBIXOJAT W BXOJAST B MOBEPXHOCTh 3€MIIM B
TOYKaX, Ha3bIBAEMbIX I€OMArHUTHBIMU mMojitocamMu (puc. 5.1). OTu mosmroca He
COBMAJAIOT C TreorpapuueckKuMH TOJIOCAaMU W, KpOME TOro, MEJJICHHO
IIEPEMEILAIOTCS.

Puc. 5.1. CuioBble TMHAA MAarHUTHOTO MTOJIS 3€MJITH

CTtpykTypa MAarHuTHOrO TIOJNSl 3€MJIM SIBJISIETCS CJIOXHOM. B mepBom
NPUOIMKEHUHM MOYKHO CYHUTaTh, YTO BHYTPHU IUJIAHETHl HAXOJIUTCS OTPOMHBIN
MarHuT (JUIOJIb), OCh KOTOPOr0 HAKJIOHEHA K OCH BpallleHHs 3eMJIM IMOJ yrioM
npumepHo 11,5° . DTOT yCHOBHBIN AUIONE U co3aaeT nmpuMepHo 70% MarHUTHOTO
noisi. OAHAKO pErvoHAIbHBIE W MECTHBIE MAarHUTHBIE AHOMAJUU BbBI3BHIBAIOT
VCKPUBJICHUE CUJIOBBIX JIMHUI B Pa3HBIX MECTAX IJIAHETHI.

B mo0o#t Touke mpocTpaHCTBA MAarHUTHOE IOJIE MOXKHO XapaKTepU30BaTh
BEKTOPOM €ro HampspkeHHOCTH T. DTOT BEKTOp HAmpaBJieH MO KacaTelbHOW K
MarHduTHOW CHUJIOBOM JIMHMM B JaHHOW Touke. Moaynb ero B cucreme CU
u3Mepsercss B ammepax Ha Metrp (A/M), HO YacTo B JUTEpAType MPUBOASTCS
3HAYEHUSA W B CIUHMIAX 0 CTaphIM CHUCTeMaM: B spcrenax (D) u rammax ().
CooTHo1IEHNE MEKIY STUMU €AUHULIAMH CIIEAYIOIICE:

1D2=179,6 A/M; 1y =10°0.
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['amma sBasiercs mpocTo Oojiee MEJIKOM eIWHUIEH HW3MEpeHUs 110
CPaBHEHHUIO C DBPCTEAOM U, ClIeOBaTENbHO, Ooyiee YHOOHOW JUIsl OMHMCAHMS
MarHAuTHOrO MOJiA  3€MJIM, TOCKOJbKY HAIpPSKEHHOCTh €r0  HEBEJHKA.
JelicTBUTENBHO, B Pa3HBIX TOUKAaX IUIaHETHl OHA He mpeBbimaeT 0,6...0,7 O, a Ha
tepputopun Poccun B cpennem cocrasisier 0,2...0,4 O. [lnsg cpaBHEHHS MOKHO
3aMETUTh, YTO CAMbIE€ CHJIBHBIE COBPEMEHHBIE SJIEKTPOMArHUTBI CO3/IAOT
HanpsbkeHHocTh 100 000 D u 6oree.

YacTo MHTEHCUBHOCTh MAarHUTHOTO MOJI XapaKTEPU3YIOT TAK)KE BEIIMUUHOU
MarHUTHOM WHIYKIUH. Maenumnas unoykyus (B) XapakTepusyer HMITYIIbC
HaIpsHKeHUS, THAYIIMPYEMbIA B TPOOHOM coJieHOU e (KaTyIIKe) MPU MOMEIICHUN
€ro B MarHuTHoe noJie. Equnuiieit uamepenuss uuAykuuu sigusiercs Tecaa (1n).

HamnpsoxkeHHocTh mosit B 1 ramMmy COOTBETCTBYET CO3JaBa€MOM €10 B
BaKyyMe MHIyKI[UH BETHIHHON B | HaHOTeCTY, TO ecTh 10™° Ti.

[TockosibKy BEKTOp HampsbkeHHOCTH T HampaBieH IO KacaTelbHOW K
CWIOBBIM JIMHMSIM, OH B OOIIEM Clly4ae HE JIKHUT B IJIOCKOCTH TOPU30HTA W,
BCJIC/ICTBUE MCKPUBIICHUS CHWJIOBBIX JIMHUM, HE COBMNAJAECT C IIOCKOCTHIO
reorpau4yeckoro Mepujauana. Ecnu pasMecTuTh B KakoM-IMOO TOUYKE Hayayio
MPSIMOYTOJIBHOW CHUCTEMBI KOOPAMHAT M HampaBuTh och OX Mo MepuIHaHy Ha
ceBep, och OV neprneHuKyIsIpHO K Hel Ha BOCTOK, a ock OZ HampaBUTh BHU3, TO
BekTOop T MOXKHO pa3noXuTh HAa TOPHU30HTAJIbHYIO cocTaBisitomyo H u
BepTUKaibHylo Z (puc. 5.2). HampaBneHue ropu3oHTaidbHON coctaBistomet H
SBJISIETCS OYEHb BAXKHBIM JJISI Aa’POHABUTAIIMU, TaK KaK A3TO HaIpaBJICHUE U
Ha3bIBAIOT CE8EPHBLIM HANPABIEHUEM MACHUMHO20 MepuouaHa B JTAHHOW TOYKE.
OuyeBHUIHO, YTO yrodl Mexay ocbto OX (HampaBieHUEM MCTUHHOTO MEpUJMAHA) U
BekTopoM H (HampaBiieHHMEM MarHMTHOIO MEpHJIMaHa) €CTh HE 4YTO HHOE, KaK
MazHumuoe ckionenue AM B TaHHOU TOUKE.

Yron 6 Mexay TOpU30HTAIBHON MIOCKOCTHIO M HAIPaBJICHUEM BEKTOpa
HanpsHpkeHHOCTH T Ha3bIBAETCS MACHUMHBIM HAKIOHEHUEM.

X (ceBep)
O P CM
7 T T Y (BoCTOK)

Puc. 5.2. DneMeHTHI 3eMHOTO MarHeTH3Ma

OueBHIHO, YTO B MATrHHUTHBIX IIOJIIOCAX, TJ€ CHJIOBBIC JMHUU BXOIAT B
3eMJII0 WJIM BBIXOJAT W3 HEE, MAarHUTHOE HakjloHeHue paBHOo +90° m —90° . B
paiioHax MarHUTHBIX TIOJIOCOB  BEpPTHUKAJbHAs  COCTaBistomas 1mons Z
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MaKCHMMallbHa, a TOPU30HTalbHAsA cocTaBisomas H odens Mama. DTO uUMeer
BKHOE 3HAYEHHE JJIsl adpOHABUTALMK. Benb 4yBCTBUTENbHBIA AJIEMEHT JHO0O0T0
MAarHMuTHOrO KOMIIaca pPEarupyeT MMEHHO Ha TOPU30HTAJIbHYIO COCTABIIAIOLIYIO,
MO3TOMY B TOJIIPHBIX pailoHaX MarHUTHbIE KOMITAChl PabOTaIOT HEYCTOMUYHMBO.

B okBaropuanpHbIX palioOHax, T[J€ CWIOBBIE JIMHUM HWIYT MPUMEPHO
napajieIbHO K TTOBEPXHOCTH 3€MJIM, MAarHUTHOE HAKJIOHEHHE OJIM3KO K HYNI0, a
rOpU30OHTaJIbHAs cocTaBisonas H HanbonbImas.

[lonBemieHHass HAa OCTpUE WIJIBI HAMAarHWYEHHas CTPENKa OOBIYHOTO
TYPUCTCKOr0 KOMITIaca, KOTOPAasi U SIBJISIETCSA €r0 YyBCTBUTEIBHBIM 3JIEMEHTOM, MOJT
JNEACTBUEM MAarHUTHOTO TOJII CTPEMUTCS 3aHATH IMOJIOXKEHUE, COOTBETCTBYIOLIEE
HaIlpaBJIEHUIO BeKTOpa . A ecium 3acTaBUTh 3Ty CTPENKY pacroyiaraTbes
TOPU30HTAJILHO, TO OHA Oy/IeT HampaBJieHa 10 HampaBiIeHUIO BekTopa H.

N3-3a HEOOHOPOAHOCTH MArHUTHOTO TMOJISI B Pa3HbIX MECTax IUIAHETHI
HampaBjieHue BekTopa H (ceBepHOe HampaBieHHME MAarHUTHOTO MEpUMaHA)
COCTaBJISICT pa3HbId yroj (MarHUTHOE CKJIOHEHHE) C HallpaBJICHUEM HCTUHHOTO
(reorpaduueckoro) MepuaraHa.

B 3emHOIl Kope B pasHbIX MECTax HMeEETCs OO0JbIIOE KOJIUYECTBO
HaMarHMYE€HHBIX MOPOJ, KOTOPbIE BBI3BIBAIOT UCKPUBJICHUS MarHUTHBIX CUJIOBBIX
nuHA. B Takux palioHax, Ha3bIBAEMBIX PAUOHAMU MASHUMHBIX AHOMAIULL,
MAarHUTHOE CKJIOHEHUE PE3KO OTIMYAETCA 110 BEJIWYMHE M 3HAKy OT 3HAYCHUH,
MPWIETAIOIUX K JAHHOMY PailOHy, U MOKET 3HAYUTEIbHO MEHATHCS Ha KOPOTKHUX
paccrosiHusX. B Poccuiickont ®@eneparuu 3to panonsl Kypckoit, Marautoropckomn
U Jpyrux anoManui. B 3ToM cinydae Ha kapTax, MpeAHa3HAYEHHBIX ISl TIOJIETOB
Ha HEOOJbIIMX BBICOTAX, B JAHHOM pallOHE HW30TOHBI HE MPOBOJAT, a MPOCTO
YKa3bIBalOT, YTO 3TO PAalOH aHOMAJIMHM, U B KaKOM JUala3oHE 3/€Chb MOXET
MensTeesa AM. Ha Beicotax 6osiee 3000...5000 M aHOMaIUU YK€ HE CKa3bIBAIOTCHI.

N3-3a HecoBnajieHUs reorpauueckux MOJIKOCOB M MCKPHUBIICHUS CUIJIOBBIX
JIMHUN CEBEPHBIA KOHEL[ CTPEJIKM TYPUCTCKOTO KOMIIaca BOBCE HE IMOKa3bIBACT
HaIpaBJeHUEe HU Ha reorpaduueckuii, HI Ha MArHUTHBINA TOJIIOCHL. DTO MPOCTO
HaIlpaBJICHUE BEKTOPA HANPSHKEHHOCTH UMEHHO B JAHHOW TOYKE.

Kak yxe oTmedasnoch, Ha a’pOHABUTAllMOHHBIX KapTax HAHOCAT JIMHUU
(uz020mbl), COEMUHSIONINE TOYKH C OJJMHAKOBBIM MAarHUTHBIM CKIIOHEHHEM. M3-3a
HEOJHOPOIHOCTH MAarHUTHOTO TMOJISI 1 MAarHUTHBIX AHOMAJIUH U30TOHBI MOTYT OBITh
JIOBOJIbHO M3BHJIMCTBIMU. MeECTHbIE aHOMAJIMKA OKAa3bIBAIOT BIMSHHUE JIMIIb 10
BBICOT 3-4 ThICSIYM METPOB, MMOATOMY Ha OOJIBIIMX BBICOTaX M30TOHBI CTAHOBSITCS
OoJee MpaBUJIbHBIMU, WCKPHUBJICHHS MeHee BbIpakeHbl. Ha puc. 5.3 mokaszana
KapTa W30TOH 1Jisi OOJIbIlIEd YacTH TEPPUTOPHUM TUIAHETHI 0O€3 ydeTra MECTHBIX
AHOMAJIUM.

MaruutHoe mMoJe MEIJIEHHO MEHSETCS, COOTBETCTBEHHO MEHSETCS U
(dakTUYecKOoe pacCIoOJIOKEHWE H30TOH. OJTO HEOOXOJUMO YUHMTHIBATh MpH
ONpEe/IeICHNH MAarHUTHOTO CKJIOHEHHMSI M0 a’pOHABUTALIMOHHBIM KapTtam. Ha Hux
BCErJla YKa3aHo, Ha KakoW roj (3M0Xy) HAHECEHbl HW30TOHBI. JMOXU
YCTaHaBJIMBAIOTCS KpaTHbIMU 11siTH Tojam (2000, 2005, 2010 rr. u 1.1.).

MarnuTtHoe mosie 3eMIM TakXe MOJBEPKEHO HEPEryJsIpHbIM M IOJ4ac
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CHWJIHHBIM U3MEHEHUSIM, BBI3BAHHBIM TJIaBHBIM 00pa3oM BozaeicTBuem ComHia. Bo
BpeMs TaK Ha3blBAEMbIX MArHUTHBIX Oyph MAarHMTHOE CKJIOHEHHE MOKET
HEINPEACKA3yEMO MEHATHCA HA €AUHHULIBI U JaXe JECATKU IPagyCoB, YTO JEJIaeT
HEBO3MOKHBIM IIPUMEHEHUE MarHUTHBIX KOMIIACOB.
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Puc. 5.3. M30oronsl Ha KapTe Mupa

5.3. IlonsiTHE O NeBHAIIMM MATHUTHOI'0 KOMIIAca

MaruuTHbIi KOMIac MpeHa3HavYeH JJIsl U3BMEPEHUsS. MarHUTHOTO Kypca, TO
€CTh yIJla MEXJIy CEBEpHbIM HAalpaBICHUEM MArHUTHOTO MeEpUAHaHa H
IPOJOJIBHOM OChlO camosieta. Kak yke OoTMedasoch, CEBEPHBIM HaIPaBIECHUEM
MarHMTHOIO MEPHUIMAHA HA3bIBAIOT HAPABICHUE TOPU3OHTAIIBHON COCTAaBIISIOIIEH
MarHuTHOro mnojs 3emau H B gaHHON Touke. IMEHHO Ha 3Ty COCTABISAIOIIYIO U
pearupyeT 4yBCTBUTENIbHBIN AJIEMEHT MATHUTHOTO KOMIIAca.

Ho komnac pacnosnoxen Ha BC, koTopoe umeer coOCTBEHHOE MAarHUTHOE
nosie. OHO BBI3BAHO HAMAarHMYEHHBIMU METAJUIMYECKMMH YacTSIMH KOHCTPYKLHUHU
BC, a Takxe >3JE€KTpUYECKHMMM TOKamH, NPOTEKAIOUMMU B MHOTOYHCIEHHBIX
anekrpuueckux uensx BC. O003HauuM BEKTOp HANPSKEHHOCTH COOCTBEHHOTO
nosist camoiiera F. OueBHIHO, YTO B OJHOM MU TOW XK€ TOYKE MPOCTPAHCTBA HE
MOTYT OJHOBPEMEHHO CYILIECTBOBaTh [JBA MArHUTHBIX TMOJS, JIBa BEKTOpa
HanpspkeHHocT — 3emiu (H)  u camonera (F). DT gBa BeKTOpa BEKTOPHO
CKJIAJbIBAIOTCSA, 00pa3ys HEKOTOpOe CYMMapHOe, pe3yabmupylouee TOae C
BEKTOPOM HaNpPSKEHHOCTH, KOTOPBIN 0003HaunM R (puc.5.4).

EcTecTBEeHHO, YTO YyBCTBHUTENIbHBIA 3JIEMEHT MAarHUTHOIO KomIaca u
pearupyeT Ha 3TO pe3yJIbTUPYIOLLEE MOJIE, IOCKOJIBKY TOJIBKO OHO U CYLIECTBYET B
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JaHHOM Touke. M ecnm pasmecTuTh Ha caMoOJeTe€ TYPUCTCKHM KOMMAC, TO €ro
HAMarHM4eHHas CTpeJKa BCTaHET IO HalpaBJeHUI0 Bekropa R, To ecTb
OTKJIOHUTCSI OT HACTOSIIETO HANpPABJICHUS MATHUTHOTO MEpPUIMAHA. JTO SBJICHUE
Ha3bIBACTCS JICBUAIMCH MAarHUTHOTO KOMITaca (ICBHALUSA — OTKJIOHCHHE).

Cm Ck
A

AK

R

I

—

F

Puc. 5.4. Pe3ynpTupyronuii BEKTOp MarHUTHOTO TTOJIS

[TockonpKy HampaBiieHHEe R He cOBMajaeT ¢ HAMpPaBICHWEM MarHUTHOTO
MepuananHa (Bektopa H), TO U H3MepeHHBIM KOMIIACOM Kypc He Oyaer
MpaBUJIBLHBIM — BEJlb OH Oy/IET U3MEPEH OT HampasyieHus Bektopa R.

B naBuramuum s yno6cTtBa Jr00bIe HamNpaBlIeHHWs] Hadajla OTCUETa YIJIOB
HA3bIBAIOT CEBEPHLIM HANnpaeieHuemM KaKOTO-TO MepuJMaHa — HMCTHHHOTIO,
MarHuTHOro... IloaTomMy u HampaBieHue BekTopa R HasbIBaloT cegepHbim
HanpasieHuem KOMNACHO20 MepuouaHa, a W3MEPEHHBIM OT HEero Kypc -—
KOMNACHbIM KyPCOM.

VYron mexay Bektopamu H 1 R Taxxke Ha3pIBalOT 1eBUALIMEH.

Hesuayus (deviation) AK — yeon, 3akniouennvlii medcoy Cce8epHuIMU
HanpagneHusmMu  MASHUMHO20 U  KOMNACHO20  Mepuduanog  (puc. 5.5).
OTCUHMTBIBAECTCSI OT CEBEPHOTO HAIPaBJICHUS MarHUTHOTO MEpPHUAMAaHa K BOCTOKY C
TUTFOCOM, a K 3aIlaay ¢ MHHYCOM.

G G

AK

Puc. 5.5. JleBnanus



112

Taxum oOpazom, kommacHbIil Kype (Y, KK), To ecTh To 3HaueHue, KOTopoe
NOKAa3bIBAC€T MArHUTHBIA KOMIIAC, HE COBNAAAET ¢ MAarHUTHBIM KypcoM (Y, , MK),
TO €CTh (PAaKTUUECKMM HampaBlieHueM MpojosibHOi ocu BC oTHocuTenbHO
MarHuTHOro Mepuanada. OHU OTIMYAIOTCSA HA BEJIMYUHY JC€BHALINHN:

AK =MK—-KK.

Od4eBUOHO, 4YTO €ciau BelWyuHa JeBuanvu 4K  W3BecTHa, TO, CHSB
noka3zanust MarauTHoro komnaca (KK), Mo’kHO HallTU 1 MarHUTHBIN KypcC:

MK=KK+ 4K .

N naobopot, MoxHO ompeaenuth, kakoii KK HeoOXomumo BEIACpKUBATH,
y100b1 MK OBLT paBeH TpeOyeMoMy 3HaYCHHUIO:

KK=MK-4K.

YroObl HE OIMOUTHECS CO 3HAKAMU MPHU NEPEXoJ]e OT OJHOT0 BUAA Kypca K
JIpYromy, CieayeT PYKOBOJCTBOBATHCS YK€ YINOMHHABIIMMCS IPAaBHUJIOM YyyeTa
MOMPAaBOK B HABUTALIMM: HpU Hepexode Om NPUOOPHBLIX GelUYUH K UCTUHHBIM
nonpasku NpubasnAomcs, a npu nepexooe Om UCMUHHBIX K NPUOOPHbIM —
sviyumatomest (puc. 5.6). O4eBUIHO, YTO B JAHHOM CIIy4ae CaMbIM IPHOOPHBIM
ABJIIETCSI KOMITACHBI KypC — B€Ib 3TO U €CTh 3HAYEHHE, HEMOCPEICTBEHHO
CHUMaeMoe ¢ npubopa. MarHuTHBIA Kypc MO CPaBHEHHUIO C HUM SIBIIAETCS OoJjee
npaBUWIbHBIM, Oosiee «ucTUHHBIMY». Hy, a uMCTUHHBIN Kypc, pazymeercs, Ooiee
«UCTHHHBI», YEM MAarHUTHBIM, MOCKOJbKY OTCUHUTHIBAETCA OT reorpaduueckoro
(MCTHHHOTO0) MEpHUANaHA.

3a pyOexxoM Juisl MPAaBHJIBHOTO ydeTa JEBHALIMU HCIONb3YETCS MPABUIIO:
«Deviation west — compass best. Deviation east — compass leasty.

KK AK MK AM VK

Puc. 5.6. ITpaBuio ydera nonpaBok

BakHO NOMHUTB, YTO BEIMYMHA JEBUAIIUU 3aBUCUT OT Kypca camoJiera. s
Ka)XJIOr0 KoMraca B KaOMHe dKumaka uMeeTcs rpaduk Wi Tabiuiia, o KOTopoi
MAJIOT MOXKET OMNpEJeIUTh BEJIMYUHY JEBHAIlMM B 3aBUCUMOCTH OT IOKa3aHUMN
Komrmaca (KOMITaCHOTO Kypca).
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Jlanee MexaHW3M BO3HUKHOBEHHs JE€BHALMM OYyJIeT paccMOTpeH Ooree
noApoGHO.

5.4. YeTpoiicTBO npocTeiilero aBUAMOHHON0 MATHMUTHOIO KOMIIAca

N3-3a mpuCylminX UM HEAOCTATKOB MAarHUTHBIE KOMIIAChl B YUCTOM BHUJE B
COBPEMEHHOW aBHAallMM B KAaue€CTBE OCHOBHOTO CpEACTBA HM3MEPEHUS Kypca
NPAKTHUYECKU HE HCMONb3yIoTcs. Ho Ha 11000M BO3AYITHOM CyJqHE 00s13aTEIbHO
YCTaHABIIMBACTCS MPOCTEUIINN MArHUTHBIA KOMIIAC, MCIIOJb3yEMBId B KA4e€CTBE
pe3eperHoco WU aBapUMHOro JaTdyvka Kypca. OH NOpHUMEHSeTCS NpU OTKaze
OCHOBHBIX KYpPCOBBIX NPUOOPOB, a TaKXke IS KOHTPOJIS TPABWIBHOCTH UX
ITOKA3aHUN B LEIAX CBOEBPEMEHHOTO ONPENEIICHUS OTKa3a.

B oreuecTBeHHON aBHanMKM B KAYECTBE TAKOTO MPOCTEHIIErO KOMIIAca, KaK
npaBuio, ucnonb3yercs komnac KM-13 wniu xomnac apyroit Mmoaudukainuu, HO
aHAJIOTUYHOTO MPUHIMIA AeHcTBHS (pHC. 5.7).

KU-13 coctout u3 repMeTUYHOr0 KOpIyca, C JULEBOM CTOPOHBI KOTOPOTO
MMEETCSl MPO3PAYHOE «OKOIIKO». 3a OKOIIKOM pAacCMoJlaraercs KypcoBas HUTD,
clyXamas I oTcyeTa Kypca. UyBCTBUTENBHBIM 3JIEMEHTOM KOMIIACA CIIYXKHUT
pacrnoJioKeHHasi BHyTpU KOpITyca Tak Ha3zblBaeMas kapmywika B GopMe HUIUHIpA
WJIA YCEYEHHOI'0 KOHYCa, 10 OKPYKHOCTH KOTOPOW HAaHECEHA IlKajia KypcoB. LleHa
nenenuid 5°, a omudpoBka craenana dyeped 30° . Cnegyer OTMETUTh, 4YTO
MPAaKTUYECKUA Ha BCEX THUIIAX IIKaJ KYypCOBBIX MPUOOPOB OLM(POBKA MPUBEACHA B
NECATKAxX TpalyCoB, TO €CTh, HAIIPUMEP, HaAIUCh 27 o3Havaet 270 .

Ha xaprymike 3akpemseH MOIUIAaBOK M JBAa HAMArHUYEHHBIX CTEPIKHS.
3aKperIEHHOW B LEHTPE KApPTYIIKW IIMAJIBKOM OHA ONHUPAETCAd Ha MOAIATHUK,
YCTaHOBJICHHBIN Ha JHE Kopityca (puc. 5.8).

[Mpunmun peiictBuss KM-13 moxok Ha TpUHOMNO ACHCTBHUS OOBIYHOTO
TYPUCTCKOTO KOMIIaca, B KOTOPOM UYBCTBUTEIbHBIM 3JIEMEHTOM SIBISIETCS
HaMarHWYEHHAs CTPEJIKa, MOJBEIICHHAs! HA OCTPUE UTJIBI U OPUEHTUPYIOIIASCS 10
HaIpaBJICHUI0O MarHUTHOTO MeEpHAHaHa. 3AE€Ch pOJib CTPEIKA UIPAeT KapTyIKa.
brnarogapsi ee HaMarHMYEHHBIM CTEPKHSAM OHA BCE BPEMS OPUEHTUPYETCS MO
HaIpaBJICHUI0O MarHUTHOro Mepuanana. CaMoJeT BMECTe C KOPIyCOM Mpudopa
pa3BOpAUMBAETCA, a KAapTylIKa OCTAETCS B MPEKHEM IMOJOKEHUHU, MO3TOMY B
OKOIIIKE KOpIyca HANpPOTUB KypCOBOM HUTH MEHSIIOTCA JCICHHS IIKaJbl, 10
KOTOpPOM U OTCUHUTBIBAETCS KYpC.

I'epMeTnuHbIil KOpryc mpuOOpa 3aloHEH JUTPOMHOM (3TO OJHA U3
dbpakiuit nepepaboTku HePTH), KOTOPBIN CTiaXXMBaeT KOJICOaHUSI KapTYIIKUA U B
COOTBETCTBHM C 3aKOHOM ApXMMeENa, YMEHBIIAET €€ BEC, a, CJIEAOBATEJIBHO,
TPEHUE MEXY IIMUILKOU U MO THUKOM.

B ocHoBaHuMu Kopmyca YCTAaHOBJEH TaK Ha3bIBAEMbBIA OesUAYUOHHDILL
npubop, MPEICTABISIONINN COO0M JIBa B3aUMHO TEPIEHANKYISPHBIX MOCTOSHHBIX
MarHuTa, KOTOpbI€ TMO3BOJSIIOT YMEHBIIUTh JEBUALMIO Kommaca. Bpamas
OTBEpTKOM aBa BUHTA ¢ HaanucsamMu C-FO u B-3, MOXkHO nepeMeniaTh MarnuThbl U
TOOUTHCSI TOTO, YTOOBI CO37aBa€MO€ HWMH MAarHUTHOE TIOJIe TOJHOCTHIO WU
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YaCTHUYHO KOMIICHCHPOBAJIO COOCTBEHHOE I10JIE CAMOJIETA.

N 33730 Wk

l;,’.(il‘|.1“|..

Puc. 5.8. Ycrpoticteo KN-13
(Bu cOOKY, BEpXHsISl 4HaCTh KOpITyca BhIpE3aHa)

KU-13, kak npaBuiio, ycTaHaBIMBAETCA TEpe] JJOOOBBIM CTEKIOM KaOWHBI
DKUIIAXKA.

OCHOBHBIMHM JOCTOMHCTBAMM KOMIAca SIBJISFOTCS:

- IPOCTOTa YCTPOMCTBA U, CIIEAOBATEIILHO, BEICOKAS HAJIE)KHOCTB;

- OTCYTCTBUE HEOOXOJMMOCTH B DJICKTPUYECKOM MUTAHUU JJII €r0 pabOThI
(olHaKO, KoMIac MOXET OBbITh CHA0XEH DJJICKTPUYECKONW TOJACBETKOM st
HCIIOJIb30BaHUs B TEMHOE BPEMS CYTOK).

Ho xoMmac umeeT u Hemano HeJOCTaTKOB:
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- HU3Kasi TOYHOCTh AK€ B MPSIMOJIMHEHHOM TOPU30HTATIBLHOM TIOJIETE;

-0oJpIIIe TIOTPEIIHOCTH TMPHU  Ppa3BOpPOTaxX camolieta (KpeHoBas W
YCKOpHUTEJbHAS JICBUALINH ),

- HEBO3MOYKHOCTb Cpa3zy OTCUHMTATh KypcC IOCJIE 3aBEpIISHUs] pa3BOpPOTa M3-
3a KOJIeOaTeNbHBIX JBIKCHUN KapTYIIKU BCJICACTBUE YBJICUEHUS €€ JABUKYIICHCS
110 MHEPITUHU KUJTKOCTHIO;

- HeycToWuuBas paboTa B MOJAPHBIX paiiOHAaX, IJi€ Maja TOPU30HTAIbHAS
COCTaBJISIONIAS MArHUTHOrO Tojds 3eMiid (3TO OTHOCHTCA KO BCEM BHAaM
MAarHUTHBIX KOMIAcCOB).

5.5. OCHOBBI TEOPUH JAeBUALMHU

Hopmanvnaa cmamuueckasa desuayusn. JleBuanuys, KOTopass UMEET MECTO
Ha TOPU3OHTAIBHO pPACIOI0KEHHOM HEMOABUKHOM CaMOJIETe, Ha3bIBACTCS
HOpManbHOU cmamuveckou Oesuayuei. Ha KaxaoM Kypce IS KaXJIOTro
HK3EMILISIpA KOMIAca OHa UMEET BIIOJHE OMPEACIICHHYIO BEJIUYMHY, HO BKIIOYAET
B ce0s1 HECKOJIBKUX COCTABIISIIONINX, XapaKTeP KOTOPHIX MPOSBISETCS MO-Pa3HOMY
B 3aBUCHUMOCTH OT BBI3bIBAIOIINX €€ MPUYHH.

Paznuunbie HCTOYHUKH Ha OOPTY, BBI3BIBAIOIINE MArHUTHOE T0JIE CaMoJIeTa,
YCJIOBHO HAa3bIBAIOT <KEJIE30M», HE3aBUCUMO OT TOTO, JIECUCTBUTEIBHO JIM OHHU
ABJISIIOTCS.  METAUIMYECKUMM  MpPEIMETaMu  WIM  TNPEJCTaBISIOT  coOOM
ANIEKTPUYECKUE LIEeMH, MO KOTOPhIM TMpoTeKkaeT Tok. «Keme3o» nenurcs Ha
«TBEPAOE» M «MATKOE». TBEPIOCTh U MITKOCTb OMPEACISICTCS C TOUKU 3PEHUs
MarHUTHBIX CBOMCTB, a HE (PU3UYECKON TBEPIOCTH, TPOUHOCTH.

K «meepoomy owcenezy» OTHOCAT Takue METaUNIMYECKHE MAcChl (Harpumep,
CTaJlb, JIETUPOBaHHAs KOOAIBTOM WM BOJbGPAMOM), KOTOpBIE TPYIHO
HAMarHUTUTh, HO KOTOpble, OyAy4yd HAMarHUYEHHBIMHU,  COXPAHSIOT CBOIO
HAMarHMYE€HHOCTb. BEKTOp HaNpsKEHHOCTH TIOJIS, CO3/1aBa€MOI0  «TBEPIBIM
xKenezom», noBopaunBaeTca BMecte ¢ BC mpu ero pazsopote. IIpumepom
«TBEPJIOTO KeJie3a» SIBISIETCS OOBIYHBIN MarHUT.

O6o3naunm uyepe3 F BEKTOP HAMNPSHKEHHOCTH MAarHUTHOTO  TOJIS,
CO371aBa€MOT0 «TBEPBIM >KeJie30M» Ha 0opTy. I mpocToThl Oy/ieM cUuTaTh, 4TO
ATOT BEKTOP OKa3ajJCs HampaBJi€H BAOJb HpoaonbHOM ocu BC. DrtoT BekTop,
CKJIQJIbIBASICh C BEKTOPOM HANpPsHKEHHOCTH MarHUTHOro mojig 3emyin H, oOpasyer
pesynpTupytonmii Bektop R (puc. 5.9, a), m Oyaer MMETh MECTO HEKOTOpas
nesuanusa AK (yron mexay H u R).

Ecnu e BC pa3BepHeTca Ha Ipyroil Kypc, TO BMECTE€ C HUM MOBEPHETCS U
BEKTOpP HANpPSKEHHOCTU «TBEPJOTrO JKejie3a» F, KOTOphIi OyaeT Mmo-npexHeMmy
HampaBJIeH 1o ocu camojiera. Ho Ttemeps, ckianapiBasch ¢ BekTopoM H, oH
oOpa3zyeT yxe napyroi BekTop R, oTinudgarommiicss Kak 1mo BeTUYHHE, TaK U, CaMOe
rjaBHoe, o HanpasieHuio (puc. 5.9, 6). JleBnanus AK OyaeT UMETh yXKe APYrYIO
BEJIMYMHY U JaXe MOXET U3BMEHUTH 3HAK!



Puc. 5.9. IaMeHeHue AeBUalliU, BEI3BAHHOW «TBEPABIM» KEIE30M

Hetpyano yoenutscs, uto npu pazsopore BC Ha 360° BenuuunHa geBUALIIN
AK Oyaet uameHsaThes mo curyconie (puc. 5.10). [Ipu stom AK ABakIbl IPUMET
HYyJIEBOE€ 3Hauy€HUE, Kak Obl uyepe3 Kaxaplil mnomykpyr. Iloatomy neBuanmio,
BBI3BIBAEMYIO «TBEPABIM KEJIE30M», Ha3bIBAIOT HOIYKPY2080U Oesuayuel.

» MK

°0°

Puc. 5.10. I'paduk nonykpyroBoii qeBuanuu

N3MeHeHne MoJyKpyroBoW J€BHALlMM B 3aBUCMMOCTH OT Kypca SIBJISETCS
CJIEACTBUEM TOTO, YTO IIPU PA3BOPOTE CAMOJIETA MEHSIETCA CEBEPHOE HAIIPABIICHUE
KOMITACHOTO MepHauaHa (HampaBlIieHHEe pe3yibTHpyoIero Bekropa R). Takum
0o0pa3oM, «KOMIACHBII» MEPUANAH 3TO HE KaKoe-TO ((MKCUPOBAHHOE HAIMPABIICHUE
B MPOCTPAHCTBE WM TeM OoJiee JUHUS HA 3€MHOM MOBEPXHOCTH. JTO YCIOBHOE
MOHSATUE, BBEJICHHOE ISl YI00CTBa U €AMHOO0pa3usi B TEPMUHOJIOTUM: UCTUHHBIN
KYpC OTCUUTHIBAECTCS OT MUCTUHHOTO MEPHWJIMAHA, MAarHUTHBIA — OT MAarHUTHOIO
MEpHIMaHa, a KOMITACHBIM, CIEA0BATEIBLHO, — OT KOMIAcHOro. B 3aBUCMMOCTH OT
KOHKPETHOTO KOMITIaca U Kypca caMmoJieTa HaIllpaBJIEHHE KOMIIACHOTO MEPUANAHA B
OJIHOM M TOM K€ TOYKE MPOCTPAHCTBA PA3IUYHO. A €CIIM B 3TOM TOYKE HET
KOMIIaca, TO KOMITACHOT'0 MEpHUIMaHa IIPOCTO HE CYLIECTBYET.

MOXHO 3aMeTUTh, YTO M MArHUTHBIM MEpPHUJIHMAH HE CYIIECTBYET Kak
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TaKOBOM, TO €CThb KaK HeKotopas nuHus. [lo kpaliHel Mepe, B HaBUTAlUU pEYb
BCErJa MJAET HE O CaMOM MEpHAMAHE KaK JIMHUHM, a TOJbKO O HanpaeieHuu
MarHUTHOTO MEpPHIMaHa B KaKOM-TMOO TOUKE, OT KOTOPOI0 OTCUUTHIBAIOTCS KYpC,
IIEJICHT U JPYTHE YIJIBL.

BennunHa noJiyKpyroBoi A€BHALMU 3aBUCUT HE TOJBKO OT Kypca, HO U OT
BEJIMYMHBl TOPU30HTAJIBHOM COCTaBIAIOLIEH MAarHUTHOro mois 3emiun H.
CrnenoBatenbHO, BEIMYMHA JEBUALMN OJHOTO M TOTO K€ KOMIIaca Ha OJJHOM U TOM

e Kypce B pa3HBIX MECTax 3eMHOrO Imapa OyJaeT pa3nuyarbes u3-3a pasmunyuus H
(puc.5.11).

CK2CK1

Puc. 5.11. 3aBUCUMOCTB TOTYKPYTOBOM JAE€BUAIIUU OT HAIPSY)KEHHOCTH MarHUTHOTO
moJisa 3eMIIH

Jlpyras pa3HOBHJIHOCTh MAarHUTHBIX MAacC Ha CaMOJIETe — TaK Ha3bIBAEMOE
«mszkoe odicene3o». OHO COOCTBEHHOM MOCTOSHHONW HAMAarHMYE€HHOCTU HE UMEET, a
HAMarHU4YMBAaeTCs BHEIIHUM ToJIeM. [IpuMepoM «MATKOTO JKele3ay SBIISETCS
oObIyHOE kese30. PaccMoTpum skene3Hbid Bo3/b. CaM OH HE HaMarHWU4eH, HO
€CJIM TOAEPKATh €ro BO3JIe MOCTOSHHOIO MarHuTa, TO OH HaMarHuTuTcs. Ecnu ero
noBepHyTh Ha 180°, TO OH HAMarHUTUTCS B MPOTUBOIIOJI0KHOM HAIIPaBJICHUHU.

CreneHb HAMarHUYEHHOCTH «MATKOTO JKE€Je3a» 3aBUCUT OT MAarHUTHBIX
CBOMCTB CaMOro Marepuasia, HaNpsXKEHHOCTH BHEIHETO IMOJS U PACIOI0KEHUS
YCIIOBHOTO OpyCKa «MATKOTO >Kelie3a» MO OTHOIICHHI0 K MarHUTHBIM CHJIOBBIM
auHusM. [IpuONMKEHHO MOXHO CYMTaTh, YTO BEKTOpP HAINPSHKEHHOCTH TIOJIA,
CO371aBAEMOTO «MATKHUM KEJIE30M», SIBISIETCS MPOEKIIMEH BEKTOpPa BHEIIHETO TOJIS
H na ock Opycka (puc. 5.12).

[Tonyuennslii TakuM 00pa3zoMm BekTop F ckmaapiBaetcs ¢ H u oGpasyer
Pe3yABTUPYIOLIUKA BEKTOP R, aHATOTHYHO CIyYaro ¢ «TBEPABIM KEIE30M.

Ho npu pa3BopoTe camomiera, M3MEHEHMHM €ro Kypca KapThHa Oyner
HECKOJIbKO Japyroi. Termeps MEHSICTCS HE TOJIBKO B3aMMHOE mojiokenne F u H, Ho
u eeauyuna Bektopa F (puc. 5.13). Benp 3TOT BekTop siBisieTcs mpoeknueid H Ha
OCb YCJIOBHOTO OpyCKa «MSTKOTO 5KeJie3a», PacloI0KEHHOTO Ha CAMOJIETe.
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Puc. 5.12. HamarHn4eHHOCTh «MATKOTO KEJIe3a»
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Puc. 5.13. I3meHeHue 1eBUAIMH, BBI3BAHHOM «MSTKHAM YKEIC30M»

IIpu pa3Bopote camosiera Ha 360° neBualus Takke OyAeT MEHSTHCS IO
CUHYCOHJIE, HO C BJBOe Oouiblei yacTtoToi (puc. 5.14). Ona ueTkipe pa3a OyaeT
MPOXOJIUTh Yepe3 HOJb, TIOITOMY JIEBHAIIMIO, BHI3BIBAEMYIO «MSTKUM KEJIC30M,
Ha3BIBAIOT Yemeepmuoll desuayuell.

AK/°
A
e e s e e o
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75 90135 __180° 225 270°~Qlo 360"
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Puc. 5.14. I'paduk deTBEepPTHOM JEBUAIIUH
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B ominuue OT NONMyKpyroBOW [€BHAIlMM 4YETBEPTHAs HE 3aBUCHT OT
BenuuYMHbBl BekTopa H. Ee u3MeHeHue mnpu mepeseTe B Jpyroil pailoH 3emiu
NPUBEAET TOJBKO K M3MEHEHHUIO 8eiuyuHbl BEKTOpa R, HO He ero HampaBiieHUs
(puc. 5.15), mockonbKy BeMurHA F Takke MponopiuyuoHaIbHO U3MEHUTCS.

Puc. 5.15. CoxpaHeHue 4eTBEpTHOM JIEBUALIMU TP U3MEHEHUM HANPSHKEHHOCTH
moJisa 3eMIIU

IIpn paccMOoTpeHMHM MexaHW3Ma IOJYKPYrOBOM M YETBEPTHOM JEBHAIUN
JUIsL  HArJISAHOCTH HaMHM TPEANOoJarajioch, 4YTO BEKTOp HANPSKEHHOCTH
cooctBerHoro nosst BC F nanpasnen no npoaonsHoit ocu BC, mosromy HyneBas
JIeBUALIMSI UMEET MECTO Ha Kypce paBHOM HyJO (cM. puc. 5.10 u 5.14). Ha camom
nene Bektop F Moxer umers Ha BC mo6oe Hanpapienrne. 9To IpUBEAET K TOMY,
4YTO KpUBBIE Ha rpadukax OyJayT CMEIIEHBI MO0 OCH abciucc, U JAeBUaIus OyaeT
paBHa HYJIO Ha TaKOM Kypce, MPpU KOTOPOM BEKTOp F okakeTcs HampaBiieH 10
MarHuTHOMY MEpUJIUAHY.

Eme onHo#t coctaBistoiiel eBUAIIMK SIBISICTCS NOCMOSHHAS Oesuayusl,
BEIIMYMHA KOTOPOM HE 3aBUCUT OT Kypca. To ecTh, Ha JOOOM Kypce Komrac
MOKa3bIBACT KypcC OOJIbIIE UM MEHBIIE (PaKTUUECKOTO HA OJHY U TY K€ BEJIUYHHY.
Ha camom pene Takoro poja TMOTPEIIHOCTh (TMOCTOSIHHAS JIeBHAIUs) HE
00s13aTeJIbHO BbI3BaHA WMEHHO «MArHUTHBIMUY» NpudrHaMu. OHa MOXKET OBbITh
BbI3BAaHA YHUCTO HMHCTPYMEHTAJIBHBIMU TMOTPEHTHOCTAMU Kommaca. I[lockombky
pa3ACUTh TOTPEIIHOCTH, BBI3bIBAEMbIE MArHUTHBIMM W WHBIMUA TMPUYHWHAMM,
MPAKTUYECKU HEBO3MOXKHO, IMOCTOSHHYIO IOTPEIIHOCTh OTHOCSAT K JICBHAIUU.
Yamie Bcero mocTtosiHHas JI€BUAIlUS BbI3BaHA TEM, UTO UYyBCTBUTEIBHBIN 3JIEMEHT
Kommnaca (MHAYKIUOHHBINA JaTYUK) HE TOYHO ycTaHOBJeH 1o ocu BC.

ITocrosiHHasi, 4YeTBEpTHAsT W TMOJYKPyroBas JE€BHAUM — OTO JIMIIb
COCTaBJISIIOIIME  OOIEed HOPMaJIbHOM CTAaTUYECKOM  JEBUAIlMU, BCE OTH
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COCTAaBJISIFOIIME MPOSIBISIOTCS OAHOBPEMEHHO. X 3HAYEHHsI CKIAIBIBAKOTCS IS
KOKJOTO 3HAYEHUs Kypca U MOJY4YEHHBIM TakuM o0pa3oMm rpaduk JeBHAIUH
MOXET UMETh CJIOKHBIN HEMPaBWIbHBIN BU (puc. 5.16).
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Puc. 5.16. IIpumep 60pToBOTO rpaduka 1eBUAITIN

JleBuaiusi MarHUTHBIX KOMIIACOB M3J]aBHA MMesa OOJIBIIOE 3HAYCHUE eIe
JUIst MOpCKOM HaBuTanuu. CBA3aHHbBIE C HEW MPOOJIEMBI JJaKe HAIIUIA OTPAXKEHUE B
XyJI0XKECTBEHHOU uTeparype. I'epon pomana Xrons BepHa «llarHaanaTuneTHuit
KanuTtaw» BMecTo FOxHOM AMEpUKH NMPUIUIBLIH B AQpPUKY H3-3a TOTO, YTO TOJI
MarHUTHBIM KOMIIac Ha Kopabjie ObUT TMOMIOKEH METALITUYECKUNA TOmop,
CO3JIaBLIMK OTPOMHYIO JAEBHUALUIO.

JleficTBUTEIBHO, Ha KOPAOJIsIX U3-32 HATMYMS HA HUX OOJIBIIIOr0 KOJIMYECTBA
METAJUIMYECKUX MACC, IEBUALIUSA MOXKET JOCTUIaTh JAECCATKOB I'PaayCoOB, IIO3TOMY
BCET/la IPUHUMAIOTCS MEPHI IO OIPENIEIICHUIO €€ BEJIMUYMHBI HAa Pa3HbIX Kypcax W,
II0-BO3MOKHOCTH, [0 €€ YCTPaHEHHWIO. DbOJIbIION BKIaa B pa3sBUTHE TEOPUU
nesuanyu BHec akageMuk A.H.KpbuioB. OH nokasan, 4To 3aBUCUMOCTh JAEBHALUN
OT Kypca Y MOXKET ObITh BbIpaxkeHa (popMyoi:

AK = A+Bsiny+Ccosy+Dsin2y+Ecos2y,

rne AB,C,D,E - mnocrosHHBIE IS JAHHOTO KOMIIAca BEJIMYWHBI, HA3bIBA€MBIC
KO3¢hpuyuenmamu oesuayuu.

A — xodbduIMEeHT TOCTOSSHHOW JEBHAIlMH, COOTBETCTBYIOIIAS €My
COCTABJISIFOIIAs JICBUAIIUU HE 3aBUCUT OT Kypca.

B, C — xooddumuents nomykpyroBoii nesuarnuu. Kak crmexyer wu3
dbopMyIbl, COOTBETCTBYIOIIAS WM JeBHAIMg wuMmeeT Tnepuoa  360°. DOtm
KO3 (PUIIMEHTHl 3aBUCAT OT HANPSHKEHHOCTH mojisi 3emiu H, cienoBaTenbHO,
MOCTOSIHHBI TOJBKO B JAaHHOW TOYKE TMPOCTPAHCTBA, a B JPYrux paloHax
HECKOJIbKO U3MEHSIOT CBOIO BEIIMUUHY.

D, E — ko3 dutiueHTs 4eTBEpTHON JIeBHAIUH, €€ TIEPUO/I BIBOE MEHBIIIE.

3Has KO3(p(OUIMEHTHI JACBUAIIMN, MOKHO PACCUMTATh BEIMUYWHY JICBHAITUU
Ha JIIOOOM Kypce, TOCTPOUTH rpadrK €€ H3MEHEHUS.

Ha rpadukax nmeBmamuu B KaOWHE OKHMaka NPHUBOJUTCS HWMEHHO
HOpMaJIbHasl CTaTHYECKas ICBUAITHS.
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Cnucviganue u  Komnencauyua  Oeguayuu. C  YCTAHOBJICHHOMN
MEPUOANYHOCTBIO, @ TAKKE B CIIy4asX 3aMEHbl HA CaMOJIETE KPYIHBIX arperaTtoB
(Hanpumep, JABUTATeNed) C KaXJAbIM MArHUTHBIM  KOMIACOM  MPOBOAST
JI€BUALIMOHHBIE pA0OThI: CHUCLIBAHUE N KOMNEHCAYUIO ICBUAITUY.

CouceiBaHHE JI€BHALMU — OIPEACIICHUE €€ 3HAUYCHHS Ha pa3HbIX Kypcax,
KOMIIEHCALIUS — TOJIHOE WJIK YACTUYHOE YCTPAHEHUE JEBUALINU.

Ha nerkmx camonerax ©W  BEPTOJETax  JEBUALIMIO  CIHCHIBAIOT
nocienoBaTenbHO ycraHoBkoil BC Ha pasnuuHble Kypchl W CpPaBHEHUEM
MarHUTHOTO M KOMIIACHOTO KypcoB. CHHCBIBAHHME JI€BHALIMM OCYIIECTBIISIETCS
HITYPMAaHOM COBMECTHO C TEXHHUKOM Ha CIELHAIBHBIX 0e8UAYUOHHBIX NIOWAOKAX
Ha a’poJipoMe, MOOIM30CTH OT KOTOPBIX OTCYTCTBYIOT METAJTTMUYECKHUE MPEAMETHI.

Jns ycranoBku BC Ha ~ 3agaHHBII MarHuTHBIA KypC HCIOJB3YIOT
CIELHUAIBHOE YCTPOUCTBO — OesuayuoHuwlt nenexeamop. 1lo cytu oH
MPEACTaBIACT COO0M KOMMAcC, MOXOKUN HA TYPUCTCKHM, HO OOJBIIET0 pa3Mepa u
Oonee TouHbld. OH ycTaHaBIMBAaeTCS Ha IITaTUBE B BHJAE TPEHOTH W
BBIDABHUBACTCA B IUIOCKOCTH TOPHU30HTA C IIOMOLIBI0 HMEKOIIMXCA HAa HEM
My3bIPKOBBIX ypOBHEH. Ha mikane xomriaca MMeEEeTCs Bpalarollasics BU3UpPHAas
cuctema (TUma TMpulesa), KOTopas MO3BOJISIET OMPEAEIUTh MAarHUTHBIM IEJIECHT
(a3uMyT) Ha 000K 00BEKT. [TUI0T ¢ MOMOIIBIO GOPTOBOIO MAarHUTHOTO KOMIaca
pa3BOpauMBaeT CaMOJET Ha 3aJaHHbId Kypc, Hampumep, 0°, a Ipyroi 4enoBek
yCTaHaBJIMBAET IITaTHUB C JACBUALMOHHBIM IIEJIEHaTOPOM MO33JH camoJjieTa B
CTBOPE €ro MpOJOJIBHOW OCH M TEJEHTYeT HalpaBJIICHHE 3TOM OCH, OINpeaesss
(dakTuueckuii MarHuTHbIA Kypc. Ecnum oH okaszancs, Hampumep 356°, To
buxcupyercst aeBuanuss AK=—4° (Takyio BeIUYUHY HEOOXOIUMO npubasums K
KOMITacHOMY Kypcy 0°, 4ToObl mOJIyduTh MarHuTHbId 356°). 3aTem camolieT
pa3BOpavYMBAIOT HA APYTroi KypC U orepanus MOBTOPSETCS.

OOBIYHO JIeBHAITMIO CIIUCHIBAIOT Ha BOCBMH Kypcax: 0°, 45°, 90°, 135°,
180°, 225°,270° n 315°.

Ilocne H3TOro ONPENENsItOT NOCMOAHHYIO COCMAGNAIOWYIO  JI€BUALIUU
(ycraHoBouHyl0 OIMOKY). Ee HaxomsdT Kak cpeigHee 3HAUCHHE JCBHALMM Ha
yeThipex Kypcax: 0°, 90°, 180° u 270°. YcrpaHsIOT €e MpoCcTO NOBOPOTOM KOMIIaca
KHN-13 (B 6osee COBEPIICHHBIX KOMIAcax MOBOPOTOM UYyBCTBUTEILHOTO AJIEMEHTA
KOMITaca — MHAYKIIMOHHOI'O JAaT4YHWKa) HA COOTBETCTBYIOLIUN YroJl OTHOCUTEJIBHO
nponoasHor ocu BC.

3aTeM yCTpaHSIOT noAYyKpy2o8yto oesuayuto. Jlis atoro ycranarinuparoT BC
Ha Kypc 0° u Bpamenuem BuHTa C-IO Ha neBManmoHHOM mHpuOOpe (3TO YaCTh
KoMITaca) TOOMBAIOTCS, YTOOBI KOMITACHBIA M MArHUTHBINA Kypc coragamm (4K=0).
3arteMm pas3BopaunBaroT BC Ha kypc 90° 1 npoaenpIBalOT aHAJOTHYHYIO ONEPALUIO,
noobusaschk 4K =0, HO y>Ke ¢ ToMOIbI0 BUHTa B-3.

Ha xypcax 180° u 270° moOGuBaroTcsi y)ke€ HE HYJICBOW J€BHAIIMHU, KaK B
NpEAbIIYIIUX CIy4yasX, & YMEHbBIIAIOT UMEIOIIYIOCS Ha 3TUX KypcaxX JIEBUALIMIO B
nBa paza. Beap ecnu, Hanpumep, Ha kypce 180° noBectu neBuanuio 10 HYJA, TO
neBuanys nosiBUTCA Ha Kypce 0°, mockonbky Ha Kypcax 0° m 180° ona
YCTpaHsIeTCsl OMHUM U TeM ke BUHToM C-1O.



122

B mpocreiimiem kommnace KHM-13 MOXHO MOJHOCTBIO WM YaCTHUYHO
KOMIIEHCUPOBATh TOJIbKO TIOCTOSIHHYIO U TOJYKPYroBylO jaeBuanuu. B 0Oonee
COBEPILIEHHBIX KYPCOBBIX MPUOOpaxX, B COCTAB KOTOPBHIX BXOJUT KOPPEKIIMOHHBIH
MEXaHHU3M, MOKHO YCTPAHHUTh U YETBEPTHYIO JEBHAIIUIO.

ITocne ycTpaHeHus IE€BUALIMM €€ CIIMCBIBAHUE OCYILIECTBISIETCA €IIE pa3, U
ocmamoynas Oesuayus 3aHOCUTCS B TrpadUK WKW TaOJUIly, pa3MEIICHHBIC B
KaOWHE SKUIaXKA.

Ha coBpemennbix BC 4YyBCTBUTENIBHBIM 3JIEMEHTOM KOMIIaca SBIISICTCS
WHJYKIIMOHHBIM JAaTYMK W €ro ycraHaBiuBaioT B mecTtax BC ¢ HanMeHbIIUM
BIIMSIHUEM COOCTBEHHOIO ToJisi camoJjiera. Hampumep, B KOHCOJIM KpbUla WM B
XBOCTOBOM 4YacTU. B 3TOM cilyyae MOTpemIHOCTh KOMMAaca BbI3BaHA HE CTOJBKO
MArHUTHBIMH TIOJISIMM, BJIMSIHUE KOTOPBIX TENEPh HE3HAYUTEIBHO, CKOJIBKO
MHCTPYMEHTAJIbHBIMU IPUYUHAMU.

Tsokensie BC  ciaumkoMm CHOXHO pa3BOpauyuMBaTh Ha 3€MJIE, YTOOBI
YCTAaHOBUTh HA HYXHBIE KYpChl, IO3TOMY CIHCBhIBAaHUE JE€BHALMM HAa HHUX
OCYILECTBIISIIOT TO-Apyromy. C caMmojieTa CHUMAIOT WHAYKUHWOHHBIA JTaT4YHUK
(4yBCTBUTEIBHBIN AJIEMEHT KypCOBOM CHCTEMbl) U BHE CaMOJIeTa YCTAaHABIUBAIOT
Ha HEMarHUTHOM MoBOpOTHOM Tuiardgopme. [Ipu 3TOM OH ocTaercs coeAMHEHHBIM
MPOBOJIAaMU C OCTAJIbHBIMU YaCTAMH CHUCTEMbl U B KaOMHE MOXXHO OTCUUTATh
U3MEPEHHBI C €ro MoMoIbi0 Kypc. Bwmecto Toro, 4roObl pa3BopauuBaTh
CaMOJIET, pa3BOPAYMBAIOT TIATHOPMY C UHAYKITMOHHBIM JaTYUKOM.

[TockonbKy HWHAYKUMOHHBIM [aTYMK B OSTOM CJIy4ae HAXOJUTCA BHE
CaMOJIeTa, MAarHUTHOE TI0JIE CaMOJIETa HAa HEro HE OKa3blBACT BIUAHUSA U
(dbakTUYeCKu MPOBOAUTCS CHUCHIBAHUE HE JICBUAIlMU, BHI3BAHHOW MAarHUTHBIMHU
nonsmMu BC, a criMchIBaHWE MHCTPYMEHTAIBHBIX IOTPEIIHOCTEN, BO3HUKAOIINAX
MIpU Nepeaadye Kypca OT UHAYKIMOHHOTO JIaTYMKA K YKA3aTeNro Kypca.

Kpenosaa  Oeseuayus  BBI3BIBACTCSA  BEPTUKAIBHONW  COCTaBJIAIOLICH
MAarHUTHOIO  MoJiA  camonema. HopmanbHas  crarudeckas — JAeBUALWs,
pPacCMOTPEHHAsl paHee, HMEEeT MECTO Ha HENOJIBHUKHOM T'OPU30HTAIBHO
pacIoJio)KeHHOM camouieTe. Ecimu ke camolier, aaXe HENOJABUKHBIM, HUMEET
MOTIEPEYHBbI KPEH WM KPEH TMPOJOJbHBIM (TaHTax), TO TOSBISIOTCS CHIIBI,
BBI3BIBAIOIINE JOMOJHUTEIbHYIO JIeBUALMIO. Takas JAeBUalMsl U Ha3bIBACTCS
KPEHOBOM.

I[Ipuy  paccMOoTpeHMM  HOPMaJIbHOW  CTATMYECKOW  JCBUALIMM  HAMU
aHanu3upoBayicsl BeKTOp F  HampsikeHHocTu coOctBeHHOro moiisi BC, xoTopbrit
npeamnoaraics ropu3oHTalbHeIM. Ho Ha camom pnene moie BC Moxer ObITh
JOOBIM M, KOHEYHO, 3TOT BEKTOP MOXET OBbITh HAKJIOHEH K TOPU3OHTY WU,
CJIIE0BATEILHO, UMETh BEPTUKAIBHYIO COCTABJISIONIYI0, KOTOpPas M BBI3BIBACT
KPEHOBYIO AeBuanuio (puc. 5.17).

Korga BC pacnonaraioch ropru3oHTaabHO, IPOEKIUS 3TOW BEPTUKAIBHOU
COCTAaBJISIFOIIEH TOJISI CaMOJIETAa Ha TOPU30HTAIBHO PACIOJIOKEHHYIO IIOCKOCTh
YyBCTBUTEIHHOTO dJIEMEHTA KOoMITaca Obljla paBHA HYJIIO M HE BBI3bIBaJIa HUKAKON
nepuanuu. Ecoum ke BC uMeeT KpeH, a 4YyBCTBHUTENBHBIM 3JIEMEHT OCTAaETCs
TOPU3OHTAJIBHBIM (KOHCTPYKIIMS KOMITACOB OOECIeYMBAET YYBCTBUTEIHHOMY
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AJIIEMEHTY TAaKyK BO3MOXXHOCTB), TO MOsBIsACTCA npoekyuss F  na niockocmo
yyeCmeumenbHo2o djnemenma. BcllencTBUe 3TOro pe3ynbTHpYyIOmUi BekTop R
MEHSET CBOE HaIlpaBJICHHUE U MOSBIISIECTCS TOTOJHUTEIbHAS JEBUAIIUS.

o Yo _ [opu3oHTanbHaga
NIOCKOCTb

F r

Puc. 5.17. Bo3HUKHOBEHHE KPEHOBOM JAEBUAIIUU

IIpn nomepedHbIX KpeHaX KpPEHOBas JE€BHALMA HE MMEET CYLIECTBEHHOTO
3HaueHud. B npsmonuuerinoMm nonere BC ¢ kpeHOM OOBIUHO HE JIETaloT. A TpH
paszBopote BC, ecnu oH KOOpAMHUPOBAHHBIN (0€3 CKOJIBKEHHUS ), YyBCTBUTEIbHBIN
AJIIEMEHT KOMIaca MOoJ JEUCTBUEM LEHTPOOEKHON CHIIbI HAKIIOHSAETCS BMECTE C
CaMOJIETOM, MO3TOMY MPOEKIUsA F Ha MIOCKOCTh YYBCTBUTEIIBHOTO 3JIEMEHTA MO-
MpeKHEMY paBHA HYJIIO, U KPEHOBAs IEBUAITUSI HE BO3HUKAET.

A BOT npu TaHraxe (Mpoa0JLHOM KpEHE), KOTOPbII UMEET MECTO B HabOpe
BBICOTHI M TPU CHIDKCHUH, CaMOJIET MOXKET HaXOJUTbCS HECKOJIbKO MHUHYT.
UyBCTBUTENIbHBIM 3JIEMEHT KOMIIACa OCTACTCSl TOPU3OHTAIIBHBIM, U BCE 3TO BpeMs
MMEET MECTO KPEHOBAs JICBUAIIA.

KpenoBasi neBuainusi paziiniHa Ha pa3HbIX Kypcax U npu pasBopore BC Ha
360° MEHSIET CBOIO BEJIMYHMHY IO CHUHYCOMJAJIBbHOMY 3aKOHY OT MHUHHMAaJIbHOTO
oTpuniaTeabHoro (Ha Kypce 270°) 10 MaKCUMAJIbHOTO TMOJIOKUTEIBHOTO (Ha Kypce
90°) 3nauenusi. Uem Ooibilie KpeH, TeM OOJIbIIE aMIUIUTYyAa CHUHYCOHWJBI. JTa
aMIUTUTYJIa 3aBUCUT OT HarpsbkeHHocTH nodisi BC, HO niist 00111ero mpeacTaBieHus
O BEJINYMHE KPEHOBOMW J€BUALIMM MOYXHO CUUTATh, YTO OHA IO MOPSAJIKY BEITUUUHBI
COOTBETCTBYET BEJIIMUMHE KpeHAa. TO €CTh, MPHU TaHTaxke S5° W JAEBHAIUA MOMKET
JIOCTUTATh TPUMEPHO TaKOMU K€ BEJIMUUHBI.

Ha kypcax 0° u 180° kpeHOBasi jeBUalMs paBHA HYJIIO IIPU JTFOOOM KpPEHE.

Ycxkopumenwvnaa oOeeuayusa BbHI3BIBACTCS BEPTUKAIBHOM COCTaBIIAIONICH
MarHUTHOTO 1o 3emau Z (cM. puc. 5.2).

Eciu  miiockocTh 4YyBCTBUTEIIBHOIO 3JEMEHTa KOMIIaca pPacroJioKeHa
TOPU3OHTAIIBHO, TO TMPOCKIHMS JOTOW COCTaBJISIOLICH Z Ha IIJIOCKOCTb
YyBCTBUTEJIBHOTO 3JIEMEHTA PaBHA HYJIIO U HUKAKOW J€BUALIMM HE BO3HUKaeT. Ho
npu pasroHe win TopMokeHnn BC mnonx BiaMsSHUEM JACHCTBYIOIIMX Ha
YYBCTBUTEJBHBIN 3JIEMEHT CWJI OH YCTAaHABIMBAETCA IO HAIMPABICHUIO MHUMOLU
2OpU3OHMANLHOU NJIOCKOCMU, HE COBINAJAIOIIEH C IUIOCKOCTBIO HACTOSILEH
TOPU30HTAIIH.

OT10T 3G HEKT MOKHO MPOUIUTIOCTPUPOBATH TPOCTHIM IPUMEPOM C OOBITHBIM
oTBecoM (rpy3oM Ha HUTH). HampaBieHne HUTH OTBeCa — ATO U €CTh HAlpaBJICHUE
Beptukaau. Ho ecnum aBTOMOOWIIb, C PACHOJOKEHHBIM B HEM OTBECOM,
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pa3roHseTcsi, TO TPY3UK U JIMHHUS OTBECa IO MHEPIMH OTKIOHSIOTCA Hazal.
HampaBneHue OTKJIOHEHHOM HUTH — O3TO M €CTh MHUMAas BepTUKAlb, a
NEPHEHANKYIIIPHO K HEH U pacroioKeHa MHUMas TOPU30HTANIbHAS TIJIOCKOCTb.
[Ipu HakJIOHE YYBCTBUTEIBHOTO AJIEMEHTA MOSIBISIETCS MPOEKIUs BEKTOpa
Z Ha ero IUIOCKOCTb, KOTOpas W BBI3BIBACT JOMOJHUTENIbHYIO (KPEHOBYIO)
JIEBUALINIO BCIIEICTBUE U3MEHEHU HarnpaieHus BekTopa R (puc. 5.18).

—

o o _ [opu3oHTanbLHas
NNOCKOCTb

L Z

Puc. 5.18. Bo3HMKHOBEHHE YCKOPUTEIBHOM JE€BUAIIUN

VYckoputenbHas J€BUALMs NPU M3MEHEHHH Kypca TaKXe MEHSETCs II0
CUHyCcOUJIe M paBHa Hym0 Ha Kypcax 0° u 180° mpu 11000M YCKOpPEHUH.
Makcumanbable 3HaueHus (Ha kypcax 90° um 270°) 3aBUCAT OT BEIMYUHBI
yckopenuss BC u marautHoro HakinoHeHus 0. Uem Oosibliie HakiIOHEHUE (a OHO
OoJbllIe B OJISIPHBIX pailoHax), TeM OO0JIbIIE YCKOPUTEIbHAS I€BUALIUA.

I'paxxnanckue BC He neraloT ¢ OOJBIIMMH  YCKOPEHUSMH, IO3TOMY
MaKCUMaJlbHasi yCKOpUTEIbHAs AeBUaLMs 0ObIYHO He mpeBbimaer 10—12°.

Ho yckopeHnst BO3HUKAIOT HE TOJIBKO IIpH pasrone u topmoxenun BC. [lpu
KOOPJIMHUPOBAaHHOM Pa3BOpOTE€ C TNomepedHbiM KpeHoM BC aBmxkercs 1o
OKPYXHOCTH, M YYBCTBUTEIBHBIM  AJIEMEHT  KOMIIaca  IOJIBEPKEH
LHEHTPOCTPEMUTEIBHOMY  YCKOPEHHIO,  BCIEACTBUE  KOTOPOTO  MIOCKOCHIb
Yy8CMEUMENbHO20 dNIeMEeHma HakpeHsemca eémecme ¢ camonemom. W1 B dTOoM
ciydyae OyAeT HMEeTb MECTO YCKOpUTEIbHas JeBUALUS, H3MEHSIoUIascs [0
NEPUOANYECKOMY 3aKOHY (HO YXe HE [0 CHHYCOU/IE) B 3aBUCUMOCTH OT Kypca.

Ho, mnockonpky KpeH Tenepb NONEPEUYHBIM, HYJEBbIE 3HAYCHUS
YCKOPHUTENIbHON JeBHAllMK OyIyT paBHBI HYJIIO Ha Kypcax 90° u 270°, a
MAKCUMAnbHble aOCONIOMHble 3HAYEHUsT UMEIOM MeCMO HA CeBEPHbIX U H0NHCHLIX
kypcax (0° n 180°). IloaTroMy NaHHYIO0 MOTPENTHOCTh MHOT'/IA HA3BIBAIOT CEe8EpHOU
NOBOPOMHOU OWUOKOU. AMIITUTYA €€ 3aBUCUT OT BEJIUYUHBI KPEHA U BEJIMYHUHBI
MAarHUTHOT'O HAKJIOHEHHS B pailoHe nojera. B cpennux mmpoTax npu kpene 20°
MaKCUMaJlbHasi CeBepHas MOBOPOTHAs OIIMOKa MMeeT BeJIMYuMHy nopsiaka 30°.
[ToaTOMy 1O MarHUTHOMY KOMMacy TPYIHO OMNPENETUTh MOMEHT OKOHYaHHS
pa3BopoTa AJIs 3aHATHS 3aJJaHHOTO Kypca.

[Ipu kpeHax, NPEBBIAIOMIMX TaK HA3bIBAEMbIA KpumMuyeckuil KpeH,
CUTyallus B KOPHE MEHSAETCS M CTAHOBUTCS elie XyxkKe. KpUTHYECKU KpeH Y
3aBHCHUT OT BEJTMYMHBI MAarHUTHOTO HAKJIOHEHU 0 B pailoHe mojeTa:
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Y= 90°— 0.

Ha teppuropun Poccun HakjiOHEHHE TaKOBO, YTO B OOJBIIMHCTBE CIy4yacB
KPUTUYECKUN KpeH He mnpeBocxoauT 30—32°, a B MOJSPHBIX paliOHAX CTpaHbl OH
Bcero 8—10°. Ilpu TakoM KpeHe BeKTOp | HaNpsHKEHHOCTH MAarHUTHOIO TOJIS
3emuin OyJeT MepreHAUKYISIPEH TIOCKOCTA YyBCTBUTEIILHOTO 3JIEMEHTA KOMIIaca,
M €ro MpoeKIUs Ha 3Ty IUIOCKOCTh paBHa Hymio (puc. 5.19). Kommac Oyner
0e3pa3InueH K U3BMEHEHUIO (DaKTUYECKOro Kypca.

[opu3oHTanbHas
MMOCKOCTb ®

T

Puc. 5.19. Kputnueckuii yron kpena

IIpn kpeHax, MNPEBBILAOIMIMNX KPUTHYECKHUM, JI€BUALAA YKE HE HOCHUT
XapaKTep CUHYCOHUJIbl, 3 MOHOTOHHO HE02paHUu4eHHO 803pacmaem TPHU Pa3BoOpOTE
caMoJIeTa, COCTaBIIAS YK€ OecamKku 2padycos. ITO O03HAYAET, YTO IMOKa3aHUs
KoMIlaca OyayT cogcem Hedocmogepuvimu. MOXKET naxe OKas3aThCs, 4YTO
MOTPENIHOCTh M3MEPEHHUs] Kypca BO3pacTaeT OBbICTpee, YeM HU3MEHSETCS cam
dbakTuyeckuil Kypc camolieTa mpu paszBopoTe. B 3ToMm cnydae, Hampumep, mpu
pa3BoOpoOTE BIIPABO Kypc Ha Kommace OyJIeT yMEHbIIAThCSA, XOTS Ha CaMOM JIeJie OH
YBEJINYNBAETCH.

Ilpakmuueckue pekomenoayuu no NPUMEHEHUI0 MAZHUMHBIX KOMNACOE.

1. Cnegyer mOMHHTH, UTO B MOJIAPHBIX PalOHAX, TE€ BEIUKO MArHUTHOE
HAKJIOHEHUE M, CJENOBaTelbHO, Maja TOPU30HTAIbHAS COCTABIISIFOLIAS
MarHMTHOTO TOJISI 3€MJIM, MAarHUTHBIE KOMITachl paOOTalOT HEYCTOMUYUBO U MOTYT
JlaBaTh HEJOCTOBEPHBIEC MOKA3AHUSI.

2. Jlns OoJsiee TOYHOTO OMPEJECICHUs] MAarHUTHOTO Kypca HEO0OXOAMMO
MOJIb30BaThCS TrpadukoM (Tabmuiiell) HOPMaJIbHOW CTAaTUYECKOW JEeBUAIUH,
pacnosioxkeHHbIM B kabunae BC.

3. MarHuTHbI KOMIIAC UMEET JOMOJHUTEIbHBIE TOTPEIIHOCTU MPU PA3TrOHE
u Topmoxkenun BC, monere ¢ KpeHOM, TojieTe ¢ TaHTaxoM (B Habope
CHIDKEeHHMH). Bo Bcex 3THX cilydasix Moka3zaHHsl Komraca OyayT HETOUYHBIMU U UX
HEJb3s KCIOJIb30BaTh JUISl PELICHHUs HABUTAIMOHHBIX 3aJad U KOPPEKIUHU
TUPOCKOMTUYECKUX KYPCOBBIX TPUOOPOB.

4. Tlpu pazBopore BC BciiencTtBue yCKOPUTEIBHOW AEBUALUM TMOKA3aHUS
pocTelllero MarHutHoro kommnaca (takoro kak KH-13) moryr umerbp oueHb
Oosbive morpemHoctd. [Ipu pa3BopoTax Ha CEBEpHbIE KypChl  Pa3BOPOT
HE0OXO0IMMO 3aKaH4MBaTh MpUMeEPHO 3a 30° 10 3amaHHOrO Kypca (1o MoKa3aHUsIM
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KOMIaca), a Mpu pa3BOpOTaX HA IOKHBIE Kypchl — cnycms 30° mociie 3aJJaHHOTO
kypca. Ilocne BeIBOJa W3 KpeHa OoJjiee TOYHO 3aJaHHBIA KypC yCTaHaBIMBaeTCA
MEJKUMH IOBOPOTAMH.

5. Ilpm kpeHaxX, MPEBBHIMAIONUX KPUTHUYECKUN, H3-3a HEOTPAHHMUEHHO
BO3pACTAOIIUX  TOTPEIIHOCTEH  IMOJB30BAThCSI ~ MArHUTHBIM — KOMITACOM
MPAKTHYECKH HEBO3MOXKHO.

5.6. I'mpockonu4ecKkuil NPUHUMI U3MEPEHUA Kypca

T'upockon (OT JPEBHEIPEUECKHX  «BPALIATB» U «CMOTPETH») — 3TO B
NpUHIMIE JH000€ Bpallarlleecs Telo. B COBpEMEHHOW TEXHHUKE THMPOCKOI
MPEACTABIAECT COOOM JOCTATOUHO MACCHUBHBI pPOTOp C OOJBIION CKOPOCTHIO
BpalieHusi (HECKOJIbKO ThICAY OOOpPOTOB B MHUHYTY). OCHOBHBIM (U3HUECKUM
CBOMCTBOM JIIOOOTO THUPOCKONA SIBJISETCS TO, YTO OH CHMIPEMUMCS COXPAHAMb
HanpasieHue OCu c680e20 épaujeHus B MPOCTPAHCTBE. DTO SABIAETCS CIEICTBUEM
o0IIero CBOMCTBA MHEPTHOCTH MAaTepUU — BEAb KaXKAas TOYKA BpalllalOLErocs
TeJa CTPEMUTCS COXPAHITh CKOPOCTh U HAIIPABJIICHUE CBOETO JIBHIKECHHSI.

B Hanuuum y rupockomna Takoro CBOWCTBa yOEIMJCS Ka)blil, KTO MMEJ
JeN0 C OOBIYHBIM WIPYUIEUYHBIM BOJYKOM WM, HalpuMep, pacKpyTUB
BEJIOCUIIETHOE KOJIECO, MBITAJICS IOBEPHYTH €0 OCh.

WNnest ycTpoicTBa TUPOCKONMMYECKUX KOMITACOB IpocTa. Ecinum Ha OopTy,
HecMOTpsi Ha pa3BopoThl BC, Bce BpeMsi COXpaHSETCSd HEKOTOPOE IMOCTOSIHHOE
HaIlpaBJI€HUE (HAMPaBJIEHNUE OCH BPAILIEHHUs THPOCKOIA), TO €r0 MOKHO MPUHSTH 32
HaIlpaBJeHUE Hayalla OTCYETa M OTCUMUTHIBATH OT HEro Yroj 10 HamlpaBJICHUS
nponoabHor ocu BC, TO €cTh KypC, W ApYyrue NUIOTAKHBIE DJIEMEHTBI.

Pa3ymeercsi, eciim 0cb THPOCKONA KECTKO 3aKPENUTh HA CAMOJIETE, TO OHA
IPOCTO BBIHYXJEHa OyleT NOBOpPauMBaThCS BMECTE C HUM M TOrJa HHMKAKOE
HaIlpaBJIEHUE Hadajga OTCYeTa He COoXpaHUTCHA. [103TOMy IMpOCKOIl NOMEIAIOT B
CHEIUATBHOE YCTPOUCTBO — KAPOAHO8 No08ec, KOTOPBIA 00ECTIEYNBAET TUPOCKOITY
TPU CTENEHH CBOOOJBI, TO €CTh JIa€T €My BO3MOKHOCTb CBOOOJHO BpallaTbCs
BOKPYI' TpeX NEepHeHIUKYJSIpHbIX oceil. KapmanoB monBec (Ha3BaH B uecTh /.
Kapnana, KoTopbIii BIIEpBBIE OMKCATl €70 B CBOCH KHHUTE) MPEJCTABISET COOOM /BE
paMKH, OJlHa BHYTPHU JPYroM, COEAMHEHHbIE MEXAy COO0M B MPOTHUBOIOIOKHBIX
Toukax. Eciaum BHyTpH paMOK MOMECTUTh Kakoe-HHOyAb Tello, TO OHO Oyner
COXpaHATh CBOE IMOJOXKEHHE, Kak Obl paMKM HU BpAILAJIUCh BOKPYT HETO.
CuuTaercs, 4To 3TO ycTporcTBO ObLIO M300peTeHo B Kurae Bo |l Beke 1o Hamein
3PBI.

[TockonbKy Kypc U3MEPSIETCS B TOPU3OHTAIBHON MIOCKOCTH, OCh KYPCOBO2O
eupockona, TO €CTh THPOCKONA, MPEIHA3HAYEHHOTO JUIsl ©3MEPEHUS Kypca, TOJKHA
pacnoiaraTeCsi 2opuzonmanbHo. Ecli 3Ty OCh HampaBUTh IO KaKOMY-JIHOO
BbIOpAaHHOMY HAaIpaBJICHUIO, HAIIPUMED, M0 CEBEPHOMY HAIPABICHUIO MEpHUIHAHA
JAaHHOW TOYKH, TO OHA Oy/eT COXpaHATh 3TO HANpaBlieHUE, KaK Obl HU BPaIaIoCh
BC BMecTe ¢ KapaaHOBBIM MOJBECOM «BOKpPYI» THpockomna. Ocraercs TOIBKO
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KaKUM-THO0 00pa3oM HM3MepuUTh U MepeAaTh Ha yKa3aTeslb KOMIAaca Yrojl MEexay
OCbI0 THPOCKOIA U MPOJIOJBHOW OChIO CaMOJieTa U TOrAa MOKHO OTCUUTHIBAThH
KypC OTHOCHUTEIHLHO BHIOPAHHOTO HAMpaBJIEHUS Hayalla OTCYeTa (B JaHHOM Cilydae
— OT CEBEPHOTI'0 HaIpaBJICHUS MEPHUINAHA).

5.7. KypcoBoii rHUpoCcKon Ha HEMOJABU:KHOM camoJieTe

T'upononyxkomnac I'lTK-52. [Tpuauun paboThl THPOCKOMUYECKUX KYPCOBBIX
npUOOPOB PACCMOTPUM Ha MPUMEPE OJHOTO U3 MPOCTEHIIMX YCTPOMCTB TAKOTO
pona— rupomnonaykommaca ['TIK-52.

OCHOBHOM 4YacThi0 TpPUOOpa SBISETCS THPOY3eN MacCod OKOJIO 2 KT,
NPEACTABIAIONINI  COO0OKM pPOTOpP THPOCKONA BMECTE C BJIEKTPOJBHUIATEIEM,
IPUBOJAIIMM €r0 BO BpallleHUE CO CKOPOCThbIO 22-23 ThIC. 0OOPOTOB B MUHYTY.
['mpockon nNoMeIIeH B KapJaHOB IOJIBEC U3 ABYX paMOK. Bo BHyTpeHHEHN paMKe Ha
NOJIIMITHAKAX 3aKpeIUieHa OChb TMPOCKONA B TOPU30HTAIBHOM MoJoxeHnHu. Cama
BHYTPECHHSSI paMKa TaKXe MOKET BpallaTbCsi BOKPYI TOPH30HTAJIBHON OCH,
NEPHEHANKYJIIPHON ocHu rupockorna. Ocbk BHYTPEHHEH paMKH 3aKpeIuleHa B
NOJAIIMIIHAKAX BO BHEIIHEH paMKe, KOTOpas MOXET BpallaTrbCsi BOKPYT
BEPTUKAJIBHOM OCH. DTa BHEILIHAS OCh JKECTKO 3akperieHa B kopmyce ['TIK-52,
KOTOPBIN pa3MelleH B KaOMHE caMoJieTa U, ECTECTBEHHO, [IOBOPAYUBAETCS BMECTE
C CaMOJIETOM.

Ha ocu BHemHen pambl KapJaHOBA MOJBECA 3aKPEIUIEHA IIKajla OTCYETa
kypcoB. ['TIK-52 yacTto MOHTHpYETCS Ha IITYPMAHCKOM CTOJIMKE B KAOMHE TaK, 4TO
IUIOCKOCTh IIKajJdbl COBMAAAET C IIOCKOCTBIO CTOJMKA. PsAaoM co mikamoil Ha
KOpIyce npubopa HAHECEH mMpeyeo b bl UHOEKC, HAIIPOTUB KOTOPOTO MO IIKaJle U
oTcuuThIBaeTcs Kypc (puc. 5.20).

TpeyronbHbIN MHOEKC

Lkana
Z % BHeluHas pama
/ kapaaHoBa noaseca
/4 BHyTpeHHsas pama
/ KapaaHoBa nogseca
/ { [maBHas ocb
E KYpPCOBOrO rmpockona
/ [ Potop

/

N

NN
AN

Puc. 5.20. Cxema npocTeiniero ruponorykommnaca
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[Ipu pazeopore BC kopmyc mpubopa moBopayuBaeTCsi BMECTE€ C HUM, a
IIKaJIa OCTAETCSI OPUEHTHUPOBAHHON IO CTOPOHAM CBETA MO-NPEKHEMY, TTOCKOIBKY
TUPOCKON BHYTPU KapJaHOBA MOJBECA COXPAHSET HAIlpaBJICHHE CBOEH ocH. Takum
0o0pa3oM, HalpPOTUB TPEYTrOJIBHOTO MHJEKCA Ha IIKaJle MUJIOT BCErJja OTCYUTHIBACT
Y20l MedHcOy OCblo KYPCOB020 2UPOCKONA U NPOOOIbHOU OCblO camoiemd. ITOT
YTOJI HAa3bIBAKOT 2UPOCKONUUECKUM KYPCOM.

['maBHast ochb KypCOBOTO THPOCKOIA (€ro OCh BpalleHHUs)) MOXKET ObITh
HalpaBjeHa B J000M HarpasieHuH. [103ToMy npu 0JTHOM U TOM K€ HaIllpaBICHUH
npogosbHOi ocu BC rupockonuyeckuil Kypc (3Hauy€HHE, OTCUMTHIBAEMOE Ha
IIIKAJIC) MOXKET OBITh JIFOOBIM.

[IunoT MOXKET NPUHYIUTEIBHO NOCTABUTH OCh THUPOCKONA MO J0OOMY
JKEJTaEMOMY  HAIIPaBJICHWIO Hadajga OTCYETa, HaNpUMEpP, 10 CEBEPHOMY
HarpasJIeHUI0 Mepuanana. g storo Ha nynere ynpasineHus [TIK-52 umeercs
PYKOSITKA 3adamuuka Kypca, TpU HaKATUM KOTOPOWM BIIEBO WM BIPABO OCh
TMPOCKOIIA U IIKaJla I0BOPAYUBAIOTCSA, U TIOKA3aHMs THPOCKONMYECKOro Kypca Ha
IIKaJe HAaYMHAIOT MEHAThCA. Ciieqyer oTMeTnuTh, yTo Ha camoMm gene ['TIK-52 n
0osiee COBPEMEHHbIE THPOCKOIMMYECKHE MPHOOPbl KOHCTPYKTHBHO YCTPOEHBI
TakKUM 00pa3oM, YTO MpU HAXKATUU 3aJaTUMKa Kypca BpalllaeTcsl TOJBKO IIKaa
Kypca, a HampaBJICHHME OCH THUPOCKOINA OCTAETCSI HEU3MEHHBIM. OJIHAKo Ui
IPAaBWJIBHOTO MNPUMEHEHUs MNpudopa BIIOJHE JOMYCTUMO CUWUTaTh, 4YTO IMPH
HOKAaTUM 3aaTYAKA Kypca IEHCTBUTEIBHO IMOBOPAYMBAETCSA OCh T'MPOCKONA, TO
€CTh MEHSETCS €€ HANPABJICHUE B IPOCTPAHCTBE.

Bovicmaeka I'lIK. Kak cinenyer u3 yCTpOMCTBA TMPOIOIYKOMIIACA, OH caM
He uzmepsiem Kypc, TO €CTb HE€ MOXET ONpPENENIUThb, TIE CEBEp M IOr, Kyla
HAIIpaBJIEHA OCh CaMOJIETAa OTHOCHUTENBHO CTOPOH CBETA. JTUM OH OTIMYAETCA OT
MAarHUTHOTO KOMIIaca, YYBCTBUTENbHBIA 3JIEMEHT KOTOPOTO cam onpeodeisem
HanpaesieHue MacHumHo20 mepuouana B naHHOW Touke. Bce uro memaer I'TIK —
IIOKa3bIBAECT HANpaBlieHHe npononbHo ocu BC ommuocumenvnuo ocu cupockona,
KOTOpasi XOTS M COXpaHseT CBOE HaIpaBlieHUWE, HO B MPHUHIUIE MOXET ObITh
HampaBlieHa Kyna yroaHo. Ilostomy naHHbBIE 1npubop u  Ha3bIBaeTcs
noaykomnacom. Beb MOJTHOLIEHHBIM KOMITAC — 3TO MPHOOP VISl UsMepeHus Kypcea.

Mo’KHO TpPHUBECTH AHAJOTHIO C OOBIYHBIMU YacaMH, KOTOpPbIE TOXE BOBCE
HE U3MEpAIOT BpeMs. Ecinu 3aBeCTH TONBKO YTO KYIUICHHBIE MEXaHUYECKUE YaCHI,
TO OHM CaMU HE TNOKaXyT MpaBWIbHOE BpeMs. TO4YHOE BpeMs HEOOXOAMMO
ycmaHosums Ha 4acax, IMocje Yero OT 3TOr0 MOMEHTa OHU U OyAyT OTCUMTHIBATH
BpeMsi B TOW cuUCTEME, B KOTOPOM OHO OBUIO YCTaHOBJIEHO (MOCKOBCKOE,
TPUHBUYCKOE WU JIF000E JPYTroe).

TouHO Tak ke Toapko 4To BKiItOUeHHBIN [ TIK MokeT noka3ath COBEpIIEHHO
I000€ 3HAYEHUE TUPOCKOMMYECKOrOo Kypca, MOCKOJIbKY OChb TMPOCKOMNAa MOKET
OKa3aThCs B JIIOOOM TmoyiokeHHH. [l  orcdyera Kypca C  MOMOIIBIO
THpOIOIyKOMITaca HEOOXOAMMO CHayaida yCTAHOBUTH OCh TMPOCKOMNA € TTIOMOIIBIO
3aJjaT4rKa Kypca 1o BEIOpaHHOMY HaIlpaBJICHUIO Hayalla OTCYeTa.

Ho kak sto chenats? Beap ochk rMpockona HaxOAUTCS BHYTPU KOpIyca
npulopa U HEMOCPEICTBEHHO MUJIOTY HENOCTyNHA. Bce, 4To BUIUT MUIOT — 3TO
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TUPOCKOMMMYECKH Kypc (KypC OTHOCHUTEIBHO OCH THPOCKOMA) Ha IIKaJe.
HetpyaHo coo0Opa3uTh, 4YTO ¢ nomMowwblo 3a0amuuxa Kypca HeobXxoo0umo
YCMAHO8UMb mMaKoe 3HaueHue Kypcd, Komopoe cOomeemcmesyem Gakxmuieckomy
HanpasneHuio npodonvrou ocu BC omHocumenvHo 6blOPAHHO20 HANPAGIEeHUs]
Hauana omcyema.

6) Co

A

b

Puc. 5.21. BricTaBKa ocu KypCcOBOT0O THPOCKOIIA IO HANPABJICHUIO HAYAJIa OTCYETA

Ha pucynke (puc. 5.21, a) och rupockona CTOMT B HalpaBJIICHUU, HE
COBMAJAIONIEM C JKeJlaéMbIM  HampaBlieHHeM Hadajga otcueta Cp wu
TMPOCKONMYECKUN KYypC 7Y, BOBCE HE COBHAAAET C (PAKTUYECKUM KYpPCOM Y,
OTHOCHTEJIBHO HalpaBlieHHs Hayasa otcuera (oHo 0603HaueHo Cop).

Ho ecnu ock rupockona HampaBUTh B HalpaBJIEHUH Hadaja oTcueTa (puc.
5.20, 6), To moka3zaHus KomIiiaca OyJayT COOTBETCTBOBATh Y, . CieoBaTeNbHO, NI
TOro, 4roOsl ¢ mnomomplo ucnons3oBare [TIK s onpenenenus Kypcea,
HEOO0XOUMO:

- BbIOpaTh HampaBJeHHE Hayalla OTcyeTa Kypca,

- KaKUM-JIM00 00pa3oM OINpeaennTh, KAKOB Ha CAMOM JIeJie Kypc camoJieTa
(HampaBJieHHUE €T0 MPOJI0IBLHON OCH) OTHOCUTEILHO ATOTO HAIIPABJICHHUS

- YCTaHOBUTH 3TO 3HAUCHWE HA MIKaje THPOMOIYKOMIIaca C IOMOIIBIO
3aJaT4ruKa Kypca.

Orta onepauus HasbiBaercs gvicmaskou I'TIK. OHa aHanornyHa ycTaHOBKE
MPaBUJILHOTO BPEMEHU Ha 4Yacax, JUIsl KOTOPOH, KOHEYHO, HEOOXOJMMO CHavasa
y3HaTh MPAaBUILHOE BPEMSI.

[IpaBuiibHOE BpeMsi MOKHO y3HaTh C IOMOIIbIO APYTUX 4acoB. TOYHO Tak
xe Kypc BC oTHOCUTENBHO BHIOPAaHHOTO MEpPUAMAHA MOXHO y3HATh C MOMOUIBIO
JIpyroro Komrmaca, HamopuMep, MarHUTHOTO, KOTOpBIM BCEerja HMeEeTcs Ha
camojyieTe. MarHuTHeIi KoMIlaC M3MEpsieT KypC OTHOCHUTEIBHO MAarHUTHOTO
MEpHUMaHa MECTa CaMoJjieTa, Mo3ToMy npu yctaHoBke Ha mkaine I'TIK 3HaueHus

MarHUTHOTO Kypca OCh THPOCKONa | OKaXXETCS OPUCHTHUPOBAHHOM 10
HAIpPABJICHUI0O MarHUTHOTO MEpHJIHMaHa B TOW TOYKe, TJe 3Ta omepanus Oblia
pozeiaHa.

3ameTHM, 4TO 3TO BOBce He o3HayaeT, uro ['TIK Oyner Tenepb u3MepsiTh
Ma2HUmMHbIL Kypc. 9TO TOJIBKO B JAHHOM MECTE TMPOCKOINYECKHUI KypC COBINAJET
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C MarHUTHbIM. Ecin ke caMoJeT nepemMecTuTCs B APyroe MecTo, TO OCb TUPOCKOIIA
COXPAHHUT MPEKHEE MOJO0KEHUE, a4 HANPABICHUE MArHUTHOIO MEpPUJIMAHA B HOBOM
TOUYKE MOXXET OBbITh YXKE€ JIPYrUM  U3-3a2 CXOXICHUS MEPUIAMAHOB M H3-32
W3MEHEHHS] MArHUTHOTO CKJIOHEHUSI.

Hpyroi#t cnoco6 BeictaBku I'TIK He TpeOyer ma’ke MarHUTHOrO Komiiaca.
[lepen B3iIE€TOM, KOrJa CamoOJIET HAXOAMTCS HAa HCHOJHUTEIIBHOM CTapTe Ha
B3JIeTHO-TI0caiouHoM nojioce (BIIII), ero npogosibHast 0Ch ¢ BEICOKOW TOYHOCTHIO
cootBercTBYeT HampasiieHuto BIIII, koTopoe, KOHEYHO, TOYHO H3BECTHO Ha
kaxaoMm alspojgpome. Ilpm BeicraBke Ha mkane [TIK »3toro nHanpasnenus
(MarHUTHOTO Kypca B3JI€Ta) OCh THPOCKOMa W OYyJeT HampaBJIeHa MO CEBEPHOMY
HAMPaBJICHUIO MAarHUTHOTO MEPUINAHA a3pOApOMa BbLIETA.

Ha nmpakthke BbICTaBKa THUPOMOIYKOMIIACA  OCYIIECTBISAETCA IO
MAarHUTHOMY KOMIIACY Ha CTOSIHKE aj’poApoma IMepe] BBIPYJIMBAHUEM, a Ha
ucnonHutensHoM crapte Ha BIIIl ycTaHoBieHHBIN Kypc Hpu HEOOXOIUMOCTH
KOPPEKTUPYETCA 3aJaTYNKOM Kypca.

Och rupockona MOXKET ObITh BBICTaBJICHA IO J170O0MY HANPABICHUIO, a HE
00s3aTeIbHO IO HAIPaBJIEHUI0O MarHUTHOro Mepuauana. B moOoMm ciydae
HE0OXOMMO OTPEJIEIUTh U BBICTABUTH 33JaTYUKOM Kypca (paktuyeckuii kypc BC
OTHOCHUTEJIBHO BBIOpaHHOTO Mepuauana. Hampumep, ecnu 3a HampaBieHUE Havyata
oTcueTa BbIOpAHO HAINpaBICEHWE WCTUHHOTO MEpPHJIMAaHA a’dpoJipoMa BbLIETA, TO
HY>)XHO OINpPEACIUTh W BBICTABUTh (DAKTUUECKUN HCTUHHBIM Kypc. Ero MoxHo
ONpeIeNIUTh MPUOABICHUEM K MATHUTHOMY KypPCYy MAarHUTHOTO CKJIOHEHHS.

Yx00 cupockona uz-za epawenus 3emau. 1'UpOCKON EWCTBUTEIHLHO
CTPEMUTCS COXPAHUTH HAIPABJIEHHWE OCH CBOErO BpaulleHHus B mpoctpancTBe. Ho
OTHOCHTEJIHHO YE€TO, OTHOCHTEIIEHO KaKHUX OOBEKTOB OH OCTACTCS HETIOABHKHBIM ?
Benp nBr>keHre U MOKOM OTHOCUTEINbHBI. ECIi 4enoBEeK CUIUT B Kyle Mmoe3aa, TO
OTHOCHUTEJIbHO BaroHa OH HEMOABUKEH, HO OTHOCUTEIBHO 3€MJIM MEPEMEIACTCS.
Ho 3emiis u Bpaiaercsi BOKpyT CBOEH OcH, U ABMKETCS 10 opouTe BoKpyr ComHia
c Oompmioit ckopocThio (mpumepHo 29 km/c). Jla m ComHIle BMECTE CO BCEMHU
MJIAaHETaMH MEePEMEIIAETCS OTHOCUTENBHO 3B€3/1. OTHOCHUTENIBHO KAXKIOTO U3 3THUX
oObekToB (BaroH, 3emuisa, ComHIlE, 3BE3[bl) CKOPOCTh U HaIpaBJICHHUE
MEepPEMEILICHHS Pa3InuHbl. TaKk OTHOCUTENIBHO YEro K€ CTPEMUTCSI COXPAHUTh CBOE
HaIlpaBJICHUE OCh TMPOCKOIA?

TouHBII OTBET HA ATOT BOIMNPOC BO3MOXKEH TOJBKO HAa OCHOBE TaKOIO
CJIOXHOTO pazfena (U3MKY, Kak o011asi Teopusi OTHOCUTEIBbHOCTH. Eciii roBOpUTH
KpaTKO, TO THUPOCKOIl COXPAHSIET CBOE HAIpaBJICHUE B JOOOW uHepyuanrbHou
cucmeme omcuema. ITO CHUCTEMBI OTCUYETa (CUCTEMbI KOOPJMHAT), CBSI3aHHBIE C
TeJlaMU, IBUXKYIIUMUCS 0€3 YCKOpeHHil. B aTuX cucremax crpaBellsIUBbI 3aKOHbI
HproTOHA, B 4aCTHOCTH, TEPBBIA 3aKOH, B COOTBETCTBHUU C KOTOPBHIM TEJIO, Ha
KOTOpO€ HE JACHCTBYIOT CWIbl (MM WX CyMMa paBHa HYJIO) HAXOJIUTCS B
COCTOSIHUM TIOKOSI WJIM PAaBHOMEPHOI'O MPSIMOJIMHEWHOro ABMKEeHUs. Ecnu kakas-
anb0 cucTeMa OTCYeTa JABMKETCS MPSAMOJIUHEHHO C TOCTOSHHOM CKOPOCTHIO
OTHOCHUTEJIbHO WHEPUUAIBHOW CUCTEMBI OTCYETa, TO OHA TOXE SBISAETCS
uHepuuanbHoi. OTcroma CcleAyeT, 4YTO HWHEpPUUaJIbHBIX CHUCTEM OTCYeTa
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OECKOHEYHO MHOTr0. Bce OHM IBHIKYTCS OTHOCUTENBHO APYT Apyra paBHOMEPHO U
IPSIMOJIMHEMHO C Pa3HBIMU CKOPOCTSAMHU.

[Ipobnema 3akimtoyaeTcs B TOM, UYTO BO BCEJIEHHONM HET HHU OJIHOTO
peaslbHOTO  (PU3MYECKOr0 Tena, C KOTOPhIM MOXHO ObUIO OBl  CBS3aTh
MHEPLUAJIbHYI0 CHUCTEMY KoopauHaT. Bce Tenma IBHXKYyTCS 1O KPUBOJMHEHHBIM
TPACKTOPHUSAM U MUMEIOT yCKOpeHus. Jlaxke 3eMilto Helb3sl CUMTATh TaKUM TEJIOM,
IIOCKOJIbKY OHAa BpalllaeTcsi M  JBUXKETCS. IToatromy 3akonHbl HbroTOHa
BBIIIOJIHAIOTCS B CBA3aHHOM ¢ 3eMJIeil CUCTEME KOOPAUHAT JIIIb TPUOIUAKEHHO.

JIis mpaBUIIBHOTO TOHUMAHUS PabOThl TUPOCKOMUYECKUX KOMIIACOB, HE
BJIaBasICh B TIyOUHBI (DU3HUKHU, MONCHO YNPOUJEHHO CUUMAMb, YO OCb 2UPOCKONA
coxpausiem ceoe HanpaeieHue OMHOCUMENbHO 36€30, OKPYICAIOWUX HAULY
naanemnylo cucmemy. Ha camom nene, 3Be31bl TOXKE MEPEMENIAIOTCSA, TPUUYEM C
OOJBIIMMHU CKOPOCTSIMU (COTHU KHJIIOMETPOB B CEKYHIY), HO OHHU HaXOSATCS TaK
JTAJIEKO, UTO UX MEPEMEIICHUE ABIISETCS 3aMETHBIM TOJIBKO aCTPOHOMAM.

Takum 00pa3om, MOXHO CUMTaTh, YTO €CJIIM OCh BpalleHHUs TUPOCKOIA,
HaXOJsIIErocs B KapAaHOBOM IOJIBECE, HAIPaBUTh Ha KaKylO-HUOYIb 3BE31ly, TO
OHA CTPEMUTCS COXPAHATh HAIIPaBJICHUE HA 3Ty 3BE31Y.

Ho rtorpa momywaercs HenpusatHbiil 3¢ dext. Benp Kypc HyX HO U3MeEpsATh
OTHOCUTEJIBHO HAIIPABJIECHUs Hayaja OTCYETA, CBSI3AHHOIO ¢ 3€MJIEH, HalpuMmep,
OTHOCHUTEJILHO CEBEPHOT0 HANpaBJICHUs] HCTUHHOTO WJIM MAaTHUTHOIO MEPUIUAHOB.
Ho 3emiist BpamaeTcs, a TMPOCKOI COXpPaHsAET HAIPaBICHUE OTHOCUTEIBHO 3BE3/I.
W ecnau BBICTaBUTH OCh TMPOCKOIA 0 HANPaBJICHUIO 3€MHOT0 MepHaHaHa (IpU
TOM OHa, BO3MOXHO, OKa)KETCS HAIPaBJICHHON HAa KaKylO-TO 3BE3/y), TO 4Yepe3
HEKOTOpOE€ BpeMs M3-3a BPAILECHUS 3€MJIM, OCbh THPOCKONA OTKJIOHHUTCS OT 3TOTO
HaIlpaBJICHUs MEPHUAHAHA, «YWIET» OT HEero. OJTOT YXOJ HHOIZa Ha3bIBAIOT
KOKYIIMMCS, TIOCKOJIbKY Ha caMOM JieJe 3To 3eMis TOBEpHyJach U
pacnojoXKeHHbIM Ha Hel MepuuaH «yLIel» OT MepBOHAYAJIbHOTO HAINPABIICHUS B
IIPOCTPAHCTBE. A OChb T'MPOCKONA COXPaHWUJIA CBOE HAIIPaBJICHUE, MO-TIPEKHEMY
HaIlpaBJICHA B Ty )K€ TOUKY HeOecHOM ceprl, Ha 3Be3ay (puc. 5.22).

K 3Be3ge

—_

T,
Puc. 5.22. Yxon rupockorna r3-3a BpalleHus: 3eMIn
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B 00bimeHHO# JKM3HM MBI TPHUBBIKIM CUYUTATh 3€MIIIO HETIOABUXKHOU W
cunurtaeM, 4ro ConHue (1 apyrue HeOecHble CBETHIIA) BOCXOAT U 3aXOJT, TO €CTh
JBHKYTCSI OTHOCHTEIIBHO 3€MJIM, XOTS HAa CAMOM JIeJIe UX KaKylleecs IBHKECHUE
SIBJIIETCS CIEACTBUEM BpallleHUs 3eMiid. TOUHO Tak k€ U HaOII0AaTeNo KaXeTcs,
4TO OChb THPOCKOIIA YIUIa OT HANpaBJICHHUS IIEPBOHAYAIBHOM BBICTABKH,
CBSI3aHHOTO C 3eMJIEH.

TI'opuszonmanvnasn koppexyus. 1Ipu HadaJbHON BBICTaBKE OChb KypCOBOIO
TUPOCKOIIAa, KOHEYHO, PACMOJIAraeTcsl B TOPU30HTAIIBHOM TIOCKOCTU. Benp kype —
3TO yroJl HWMEHHO B TOPU30HTAJIbHOW IJIOCKOCTH, 1@ M HaIlpaBJIEHUE Haydaja
orcuera (MepuAHMaHA) TOXKE SBIAETCS TOPU3OHTaIbHBIM. Ho 4yTo Takoe
TOPU30HTANIbHAS TUIOCKOCTH? Eciu mpuusaTh 3emiio 3a cdepy, TO 3TO IIIOCKOCTb,
KacarejlbHasg K HEl B JaHHOW TOYKE, TO €CTh NEPINEHAUKYJSpHAs K paguycy
3emuin. A mnpu BpamleHUM 3€MJIM 3Ta IUIOCKOCTh MEHSET CBOE IOJIOKEHUE B
MHPOBOM IPOCTPAHCTBE OTHOCUTENBHO 3Be3A. ['MpOCKOIl k€ COXpaHsAeT CBOE
HaIIpaBJIECHUE U, CIIEIOBATEIBHO, CO BPEMEHEM BBIXOIAUT U3 3TOM FOPU30HTAIBHOU
TUIOCKOCTH (HA CaMOM Jielie 3TO TOPU30HTAIBHAS IIOCKOCTh OTKIIOHSIETCS OT OCH
THPOCKOIIA).

Yrobsl oCch rupockona (HampaBiIeHHE Hayala OTCUeTa Kypca) OCTaBaslaCh
ropuzoHtansHoi B I'TIK-52 u B Oosiee coBpeMeHHBIX MpubOpax MpeaycMOTpeHa
eopuzonmanvras Koppekyus. Ee MeXaHW3M TIOCTOSHHO YJAEpPKUBAET OCh
KypPCOBOT'O THPOCKOMNA B TOPU3OHTAIIBHOM MOJIOKEHUH.

B mpocreimem  ciaydae  MeXaHHW3M — TOPHU30HTAJIbHOM  KOPPEKIMHU
MPEACTABIIET COOOM TaK Ha3bIBAEMBIN JHCUOKOCMHOU nepeKkaodamens, KOTOPbIA
BBINIOJIHAET (DYHKLIMIO MasTHUKA. JTO HEOOJbIIasg €MKOCTb C TOKOIIPOBOJSILIEH
XKUIKOCTBIO, 3aKpEIJICHHAs Ha HW)XKHEH 4acTu rupoysia. B kuakoctu umeercs
My3bIpEK BO3/yXa, a MO KpasM €MKOCTH — DJJEKTPUYECKHE KOHTaKThl. Ecnu
TUpOy3€l C JKUAKOCTHBIM MAasTHUKOM U, CIJIEIOBaTeIbHO, OCh THPOCKONA
pPacnoJIOKEHbl TOPU30HTAJIBHO, TO IY3BIPEK IUIABAET B LEHTpPE eMKocTu. Ecim
MasTHHUK BBIIIET M3 IUIOCKOCTH TOPU30HTA, TO MY3BIPEK IPUMBIKAET K Kparo
€MKOCTH, KacasiCh KakOW-1100 mapbl KOHTAKTOB. [I0CKOIBKY BO3AyX B Iy3bIpbKe
TOK HE IPOITYCKAET, MU3MEHSIOTCS JJIEKTPUUYECKHE TOKM B IENAX MasTHUKA U
Pa3HOCTh TOKOB, IPOTEKAIOIIMX 4YE€pe3 pas3Hble Napbl KOHTAKTOB, 3aCTaBISET
paboTaTh  CIEUUANbHBIA  JJEKTPUYECKUA  ABUTATedb. ODTOT  JIBUraTellb
pa3BopavyMBaeT BHYTPEHHIOK PaMKy KapJaHOBa IMOABECAa U MPUBOJIUT THUPOY3eEll
BMECTE€ C OCbIO THPOCKONA M JKUJIKOCTHBIM MAaATHHUKOM B TOPU30HTAJIBHOE
nosioxkeHue. [ly3bIpek nepecraeT 3aMbIKaTh KOHTAKTHI U JBUTATEIb BHIKJIFOUAETCS.

MexaHu3M TOpPU30HTAIBHOM KOpPpPEKUHUHU pPabOTaeT aBTOMATHYECKHM U HE
TpeOyeT OT dKMNaxa Kakux-aubo aeictBuid. [lpu manpHeillieM paccMOTpPEHUU
paboThl THUPOCKOMUYECKUX MPUOOPOB OylIeM CuuTaTh, 4YTO Ojarojgaps 3TOMY
MEXaHU3MY OCh KypCOBOI'O TMPOCKOIA BCE BpEMs HAaXOJUTCS B FOPU30HTAIBLHOM
MOJIOKEHUHU.

A3umymanvnasa Koppexkyus. 3a CYET BpalleHUs 3€MJIM OCb KYypCOBOTO
ITUPOCKOIIa MMEET yXOJ M B a3uMyTe, TO €CTh IIOBOPAYMBAETCS M BOKPYT
BEPTUKAJIBHOM OCH, OTKJIOHSSCh OT HANpaBJICHHUs MEpUAMAaHA HadaJbHON
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BbICTaBKH. [lockonmbky 3emisi BpamaeTcss C 3amaja Ha BOCTOK, HETPYIIHO
CO00pa3uTh, YTO B CEBEPHOM IIOJYIIAPUU 3E€MJIM OCh THPOCKOIA «YXOJHUT» K
BOCTOKY, TO €CTh BpAIlla€TCsA II0 YaCOBOH CTPEIKE, ©CIU CMOTPETh CBEPXY.
CKOpOCTh 3TOT0 yX0J1a, TO €CTh IMOBOPOTA OCH THPOCKOIIA, 3A8UCUM O WUPONIbL
Mecma pactojokeHus rupockomna. Ha puc. 5.23 u3zo0paxxeH rupockoIr, a ocb Y -
HaIlpaBJICHUE MECTHOM BEPTHUKAIA B TOYKE €TI0 PACIIOJI0KCHHUS.

Bektop yrioBoil ckopocTH BpallleHHs 3eMJid ,  HaIpaBjieH II0 OCH
BpaIeHUs] TUTAHETHI, IPUYEM, B COOTBETCTBUU C TIPABWIIOM OypaBurKa, B CTOPOHY
ceBepHOro Tosroca. [IpoeKIrio ATOro BEKTOpa HAa HaIpaBICHUE MECTHOMN
BepTUKaIU (och Y) 0003HauuM M,y . V3 puc. 5.23 BuaHO, 4TO

@,y = @, Sin @,

I (@ - IIAPOTA TOYKHU,;
@, - YIJIOBasi CKOPOCTh BpamieHus 3emid. [lockonbky 3emirst coBepliaer
ob6opot Ha 360° 3a 24 yaca, To w, =15 °/4.

Y

—

Puc. 5.23. A3uMyTanbHbIi yX0J KypCOBOI'O THPOCKOIA

Bektop @, XapaKTepU3yeT CKOpPOCTb BpAILECHUS Jemau BOKPYT
BEPTUKAJILHON OCH B TOUKE OTHOCUTEIBHO 3BE3]T U, CJICIOBATEIIBHO, OTHOCUTEILHO
COXPAHSIOUIEr0 CBOE HaIpaBj€HHUE TuUpockoma. (OUeBHUIHO, UYTO TAKOW XK€ IO
BEJIMYMHE, HO MPOTUBOIOJIOKHONW MO HAMpaBJICHUIO, OYJIET CKOPOCTh MOBOPOTA
OCH THPOCKONAa OTHOCUTENbHO 3€MJIM, €ClId Temnepb 3eMJI0  CUUTaTh
HETOIBUYKHOM.

Takum 00pa3oM, ckopocmb a3zuMymanbHo20 yX00a 2UpOCKona 3a cuem
CYMOYHO20 6pawjerus 3emau 3aeucum om uwupomvl mecma camonema. Ha
skBatope (¢ =0) TUPOCKOI OT HAYAJILHOTO HAMpaBlIeHUs (HapuMep, HaIpaBJICHHUS
UCTUHHOTO MepuauaHa) He yxoauT. Ha momtoce (¢ =90°) ckopocTh yxona
MakcumanbHa (15°/4). Ha mnpoMeXyTOuHBIX MHMPOTaX CKOPOCTh yXoOja
MPONOPLUHOHANIBHA CUHYCY mupoThl. Hanpumep, Ha mmpore 30° oHa cocTaBisieT
7,5°M (sin30°=0,5; 0,5x15=7,5).

B 1okHOM monymapuu  3eMiIM  IIMPOTa  OTPHUIIATENIbHA, TOITOMY
MPOTUBOIOJIOKEH U 3HAK (CTOPOHA) yX0/a.

Takum 00pa3om, eciu Aake Ha HEMOJBUKHOM CaMoOJIETE€ YCTAHOBHUTH OCh
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TUPOCKOIIA, HalpuMeEp, N0 MCTHHHOMY MEpPUAMAHy W HE NPEANPUHATh HUKAKHX
Mep, TO C TEYEHHEM BPEMEHHU OChb T'MpOCKoMNa OyneT yXoAuTh OT Mepuauana. Ha
KOMIIAce MPU 3TOM OYJET MEHATHCS TUPOCKONNYECKUM KypC, HECMOTpPS Ha TO, 4TO
CaMOJIET HEIMOIBUKEH.

Jlnia koMiieHcauu yxoaa rupockona B azumyte ['TIK cHaGxen mexanuzmom
asumymanvrou koppekyuu. OH NpeACTaBIseT cOO0ONW HEOONBIION AIEKTPOMOTOP,
CKOPOCTb BpAILIEHHs KOTOPOTO MOXHO peryinpoBaTb. Ha mymnbpre ymnpasieHus
I'TIK nmeercs kpemabepa yCTaHOBKH IIMPOTHI IMPOJIETAEMON MECTHOCTH, KOTOpas
U PEryJIMpyeT CKOpPOCTb 3JEKTPOMOTOpa. EcCiAM yCTaHOBUTH C €€ IOMOILbIO
HEKOTOPYIO IIHPOTY @), , TO JABHUTaTENb OyleT MOBOPaYMBaTh OChb TMPOCKOINA C
YTJIOBOM CKOPOCTBIO TIpeneccun (yxoia)

Oy = @5 SIN Py,

HO B CTOPOHY, NPOTHUBONOJIOKHYIO TOH, B KOTOPYK) YXOJMT THPOCKOIl H3-3a
BpAaIlCHUS 3€MIIH.

OueBHUIHO, YTO €CIIU YCTAHOBUTb (), PABHYIO (DAKTUYECKOM HIMPOTE MECTa
camoJieTa, TO OChb THPOCKOIa Oy/IEeT COXPaHATh CBOE MEPBOHAYAIBHOE MOJIOKEHUE.
Benb ¢ kKakoil CKOPOCTBHIO OHA «XOYET» YUTHU 3a CUET BPALLCHUS 3€MIIH, C TAKOHN KeE
CKOPOCTbIO, HO B OOpaTHOM HalpaBlieHWH, ee OyAeT MOBOPAYMBaTh JIBUTaTENb
MEXaHU3Ma a3UMYyTAIbHON KOPPEKIUU.

MexaHu3M a3uMyTalbHOM KOPPEKIMH Ha IMPAaKTUKE YacTO Ha3bIBAIOT
«IIUPOTHBIM TMOTEHIUOMETPOM», TTOCKOJIbKY B MEPBBIX THUMAX THPOCKOIMHYECKUX
npubopoB (B Tom uucie, ['TIK-52) nelcTBUTENBHO UCIIOIB30BANICS TOTEHIIUOMETP
JUTISl U3BMEHEHHSI CKOPOCTH BPAILIEHUSI 3JIEKTPOMOTOPA.

N3 u3M0)KEHHOro CIIeyeT, YTO JUIsl COXpPaHEHUsI OCBhI0 KYpCOBOTO
TUPOCKOIAa HAINpaBJICHHUS Haydajla OTCYeTa B MOJIeTe HEOOXOIWMO YCTaHABIMBATh
IIUPOTY MPOJIETAeMONW MECTHOCTH (Ha MpakTUKEe — MpHU €€ U3MEHEeHuu Ha 1-2°).
Ecam sToro He Aenarh WM YyCTAaHABIMBATh IIMPOTY HETOYHO, OCh THPOCKONA
OyAeT yXOOUThb CO CKOPOCTBbIO, COOTBETCTBYIOUIEH pPa3sHOCTU (PaKTHUECKOH U
YCTAaHOBJICHHOW IIUPOT, U, CIEAOBATENbHO, OyJIeT BO3pacTaTh MOTPEIIHOCTh
U3MEPEHHUs Kypca.

Iloozomoexa zupononykomnaca k nonemy. Ilocne BKIOUeHUsST OOPTOBOTO
nuTanus HeoOoxoaumo BKIOUUTh ['TIK U rupockon Ha4HET pacKpyuUBaATHCS. ITO
MOXET 3aHfATh, OCOOEHHO B XOJOJHOE BpeMsS T0Ja, HECKOJbKO MHUHYT (110
nacoptHeiM ~ gaHHbIM  [TIK-52 — He Oomee 20 wmwuH). [lokazanus
TUPOCKOMUYECKOT0 Kypca MOTYT THPH 3TOM OKa3aThbCsl JHOOBIMH, MOCKOJIBKY OCh
TUPOCKOIA 3aHUMAET HEKOTOPOE CIydyailHOE MOJI0KEHHE.

C mnoMompl0 MIMPOTHOTO MOTEHIMOMETPA HEOOXOJUMO YCTAaHOBUTH
3HAQYEHUE MIUPOThI, HA KOTOpod Haxoautcs BC. 3atrem ¢ momomipio 3aaTyuka
Kypca HeoOX0MMO Ha IIKaje yCTAaHOBUTH 3HAUYCHUE Kypca, ¢ KOTOpbiM cTouT BC,
HU3MEPEHHOE OT BHIOPAHHOTO SKHUIMAXKEM HalpaBJIeHHs Havana oTrcuera. Hampumep,
€CIM 3a HaMpaBJICHHE Hadala OTCYeTa BBIOPAHO CEBEPHOE HAaIpaBJICHHE
MarHUTHOTO MEpHIMAaHa a’poJpoMa BbUIETa, TO HEOOXOJUMO YCTaHOBHUTh
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3HaYeHHEe MAarHuTHOTO Kypca, CHITO€ ¢ MarHutHoro kommaca. [Ipum 3TOM OCBH
rupockona OyJaeT HalmpaBJieHa Mo HAMPaBJICHNUIO MAarHUTHOTO MEpU/IMaHa.

Kak yxxe ormeuanock, Ha camoM gene ['TIK ckoHCcTpyupoBaH Tak, 4To MpH
Ha)KaTUM 3aJaTuyuka Kypca (DakTHYecKH OCh TMPOCKOIA OCTAHETCS B MPEKHEM
MIOJIOKEHUH, a Pa3BEpPHETCS TOJIBKO IIKaja, HO 3TO pa3jinyve HUKAaK HE BIUSET Ha
NpaBUIbHOE MOHMMaHHE paboThl moiykommaca. /laxke oObluHbIe yackl (IpaBna,
eclii TPEJCTaBUTh cebe 4Yachl C OJHOW TOJIBKO YacOBOW CTPENKOI) MOXKHO
CKOHCTPYHpOBAaTh TakuM 00pa3oM, 4YTOOBI JUIsi YCTAaHOBKM TOYHOTO BPEMEHH
BpallaTh HE CTPEJIKY, a MOBOpaunBaTh udeponar nmpu HEMOABMKHON cTpenke. OT
3TOTO C TOYKU 3pEHUS MPUMEHEHUS YaCOB HUYETO HE M3MEHUTCS. B KOHIIE KOHIIOB,
ecnu (paHTa3upoBaTh ellle ajblle, MOKHO IIPOCTO 3aKpacums MPEXKHUE JeIeHUs U
mubpsl Ha MIKajJe M HApUCOBaTh HOBBIE TakK, YTOOBI CTpeliKa TOKa3blBalia
npaBmibHOE BpeMsa. To e camoe OTHOCHTCS M K Tupomnonykomnacy. He cromb
Ba)XHO, B KAKOM MMEHHO HANpaBJICHUU HAa CaMOM JIeJIe PaCIOIOKEHa €ro och, U
KaKue IpH 3TOM HU(pbI 0TOOpaxaroTcs Ha mikaine. [1aBHOe — 4yTo 0ch THpOCKOIa
coxpausiem CBO€ TojoxeHue. HeBakHO, Kakoe MMEHHO, MOCKOJIbKY BpallleHuEM
HIKaJbl MOXHO YCTAHOBHUTH JII00O€ 4YHMCIEHHOE 3HaueHue Kypca. [loaromy mpu
pPaccMOTpPEeHUH pabOThl TMPOMNOIYKOMIIAca JUIsl IPOCTOTHI U HAIJIIIHOCTU MOXHO
CUUTATh, YTO OCh TMPOCKOIIA HA CAMOM JIEJI€ YCTaHABIMBAETCS 3aaTYUKOM Kypca
10 HaIIPaBJICHUIO HAaYyajla OTCYETA.

5.8. OpToaApPOMHYHOCTH KYPCOBOI'0O THPOCKONA

Tenepp moclie aHaau3a MOBEICHUSI KypCOBOTO THPOCKOIAa HA HETMOIBUKHOM
caMoOJIeTe paccCMOTpUM, Kak OH OyneT BecTu cebs B ciydae, korma BC
nepemewjaemcsi no opmoopomudeckou aunuu nymu. OOIM ciiydyail — IoJeT Mo
MIPOU3BOJIBHON TPACKTOPUHU, OYJIET PACCMOTPEH JaJiee.

[Ilupokoe NPUMEHEHHE TUPOCKOMHYECKUX KYpCOBBIX MPUOOPOB B
HABUTAIlMM OCHOBBIBAETCSI HAa TOM, 4YTO KYypCOBOM TupocKom o00yagaer
OPTOAPOMHYHOCTHIO.

Ceoticmeo opmoopoMuuHOCIU SUPOCKONA 3AKIIOYAEMC 8 MOM, 4mo npu
noieme No OpMOOPOMUU OCb 2UPOCKONA COXPAHsAem C Mol Opmoopomuell
nocmosiHHulll yeon. Pazymeercs, peub UAET O KypCOBOM THPOCKOINE, CHA0KEHHOM
MEXaHU3MaMH TOPU3OHTAJIILHOW U a3UMyTaJIbHON KOPPEKIMH U HE HMEKIIEM
WHCTPYMEHTAJIbHBIX MOTPEUIHOCTEN, BBHI3BAHHBIX €r0 HETOYHBIM HM3TOTOBJICHUEM,
M3HOCOM M T.1. MOXHO cCKa3aTh, YTO peyb HUAET 00 uoeanrbHoM THUPOCKOIIE,
KOTOPBIN BelleT ce0si TOUHO TaK, KaK €My IOJIOKEHO ce0s BECTU B COOTBETCTBUM C
3akoHaMu (pu3uku. KoHeuHo, ujieaibHbIX TUPOCKOIIOB B MPUPOJI€ HE CYIIECTBYET,
a peasibHbIE THPOCKOIBI UMEIOT PsiJi IOTPENIHOCTEH, HO OHM OYyAyT PacCMOTpPEHBI
MO3XKE.

CBOICTBO OPTOJPOMUYHOCTH O3HAYAET, YTO €CJIM MEPe] HadyalloM IOJeTa
YCTaHOBUTh OCh THUPOCKOMA B KAaKOM-JTMOO HANPABJICHUH U BBITIOJHITH IOJIET
TOYHO MO OPTOJPOMHH, TO YTOJl MEXIY OChIO TMPOCKOIA U OPTOJIPOMHEHN Oymer
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coxpansThcs (puc. 5.24).

Puc. 5.24. OpToapOMHUYHOCTH KypCOBOTO TMPOCKOIIA

CBOMCTBO OpPTOAPOMUYHOCTH HE SBISETCA KAKUM-TO JOMOJHUTEIbHBIM
cHelM(PUUECKUM CBOMCTBOM, OOHApYKMUBILIUMCS y KYpPCOBBIX TMpOCKOIOB. OHO
SBJIIETCSL  CJIEJICTBUEM OCHOBHOTO CBOMCTBa JIIOOOrO BpalllaloOLIErocs Tena
COXpaHATh HAIIPaBIEHUE OCU CBOEro BpalleHHA. KOHEYHO, ¢ y4eToM TOro, 4ro
MEXaHU3M FOPU30HTAIBHOM KOPPEKLMU HENPEPHIBHO YJIEPKHUBAET OCh THPOCKONA
B TEKYLIEH TOPU30HTAIBHOMN IIJIOCKOCTH.

CBOWCTBO OPTOAPOMHUYHOCTH HMMEET MATEMAaTHYECKOE JOKa3aTeNIbCTBO:
MO>KHO TOKa3aTh, YTO CKOPOCTh BPAILIEHHUS] OCHU THPOCKOIA BOKPYT BEPTUKAIBHOMN
OCH, BbI3BaHHAas IMEPEMEUICHUEM CaMOJIETa, OKA3bIBAETCS PABHOM CKOPOCTH
M3MEHEHHUs IyTEBOro yria oproapoMun npu noziere no He BC. [lomyvaercs, uro
C KaKoil CKOPOCTBIO MTOBOPAYUBAETCSI OCh TMPOCKOIIA, C TAKOH K€ CKOPOCTBHIO U B
Ty K€ CTOPOHY «IIOBOPAYMBAET» CaMa OPTOAPOMHSI OTHOCHTEIBHO TEKYLIETO
MepuAraHa. A yroja Mexay HUMHU IIPHU 3TOM OCTAETCS MOCTOSTHHBIM.

Y6enuThcs B HAIMYMU Yy TUPOCKOIA CBOMCTBA OPTOAPOMUYHOCTH MOXKHO U
MBICIIEHHO 0€3 BCAKHUX (POPMYJI HA OCHOBE CIIEAYIOLIUX PACCYKACHUMN.

Bbyaem  cuuraTth, YTO  THUPONOJIYKOMIIAC  CHAa0XKEH  MEXaHU3MOM
a3UMYyTaJIbHON KOPPEKLMH, KOTOPBIM KOMIIEHCUPYET yXOJ T'MPOCKOIa, BBI3BAaHHBIN
BpauieHueM 3eMiu. [IoCKOIbKYy 3TOT yXOJ KOMIIEHCHUPOBAaH, TO 3EMJIK0 MOYKHO
CUMTATh HETOJBUKHOM, HE YUUTHIBATH €€ BPALICHUE.

Takrke IpeaIonokuM, 4TO BETpa HET U, CIENOBATENBHO, YTOJI CHOCA PABEH
Hyt0. B aToMm cinydae npoposibHas ock BC B mosiete Takke Bce BpeMsi HanpaBJieHA
o OpToApoMHH. Takoe [OMyLIEHWEe HUKAK HE TOBIMSIET Ha MPaBUIbHOCTh
BBIBOJIOB.

JIns Havama pacCMOTPUM 4YacTHBIM Clly4ad, KOTJa OCbhb T'HMPOCKONa
OPUEHTUPOBaHA NPSIMO B HAMPABJICHUH OPTOJIPOMMH, IO KOTOPOW BBIMOJIHSIETCS
TMOJIET.

Hamomnaum, uto oproapomusi — 310 OoJiblION Kpyr Ha 3eMHOM cdepe. Ee
IUIOCKOCTh MPOXOJIUT Uepe3 LEHTP 3Toi chephl U, CIeI0BaTENIbHO, KacaTeabHas K
OpTOIPOMHH, NEPNEHAUKYJSIPHAs €€ paguycy, JEXKHT B TOPU30HTAJIbHOU
mIockocTH (puc.5.25).



Puc. 5.25. K 00bsIcCHEHNIO OPTOAPOMUYHOCTH THPOCKOIIA

B monere ock rHpockoma CTPEMHUTCS COXPaHATh CBOE HAlpaBJCHUE B
WHEPLUAIBHON CHCTEME OTCYETa, HAPHUMEP, HAa KaKylO-TO 3BE3[y, Ha KOTOPYIO
OHa BHayajie OKa3ajlach HampaBjeHa. Eciin Obl B THpONOIyKOMIIac€ OTCYTCTBOBAI
MEXaHHU3M TOPU3OHTAIBHOW KOpPPEKIMH, TO Ipu nepememieHun BC B apyryro
TOYKY OPTOJPOMHH OCh TMPOCKOIIA COXpaHsiyia Obl CBOE HAaIlpaBJEHUE Ha 3BE31Y,
HO OTKJIOHWJIACh Obl OT TEKYIIEW TOPU30HTAIBHOW IUIOCKOCTH, MOCKOJIBKY 3Ta
IUDIOCKOCTh HM3MEHWJIAa CBO€ IOJokeHue. Ho MeXaHu3M Tropu30HTaJIbHON
KOPPEKLMU  HENPEpPhIBHO  MPUHYAMTEIBHO  YIEPKHBAaeT OCh TMPOCKONA
ropu3oHTa’dbHO (CcM. puc.5.25). Takum 00pa3om, OCh THPOCKOIA MEHSET CBOE
IIOJIOXKEHHUE, HO €€ HAKJIOH IPOMCXOAUT B INIOCKOCTH CaMOM OpTOIpoMHH. Bripaso
WIM BJIEBO HUKAKOIO OTKJIOHEHHs HET, U OChb TMPOCKOIIA BCE BPEMsI HaIIpaBJICHA
BJI0JIb OPTOAPOMHUUYECKON JIMHUU ITYTH.

Takum  oOpasom, I8  JAaHHOTO  YacTHOTO  CJly4yas  CBOWCTBO
OPTOJAPOMHUYHOCTH TMPOCKOIIA BIIOJHE OYEBHIHO — OH JIEWCTBUTEIIBHO COXPAHSAET
MOCTOSIHHBIN (B JAHHOM clTydae — HyJIEBOM) YToJl ¢ OpTOJAPOMUEH.

Teneps npencraBum cede, uro Ha BC B oHOM U TO# &e Touke (YCIOBHO,
KOHEYHO) HaxoJATcs OJHOBPEMEHHO JABa THupockomna. Och mepBOoro, Kak U B
MPEABIIYLIEM CIydae, HapaBJeHa IO OPTOAPOMHUH, & BTOPOTO — MOJ HEKOTOPBIM
YIJIOM K OPTOAPOMHHM H, CIEHOBATEIBbHO, K OCHM NEPBOTrO TMpockona. biaromaps
MEXaHU3MY TOPHU30HTAILHOM KOpPPEKUMHU O0€ OCH THUPOCKOIMOB PACIOJIOKEHBI
TOPU30HTAJIBHO.

IIpn nmepememennn BC och mepBOro rmpockomna, Kak Mbl YK€ BBISICHUJIH,
OyZeT Bce BpeMsl HampaBlieHa MO OPTOApOMHH. A Kak OyneT BecTu celsi BTOpOid
rUpoCKon?

Oba rupockona COBEpUICHHO PAaBHOMPABHBI M CTPEMSTCS COXPAaHUTh CBOU
HalpaBJICHUs] B TNPOCTpaHCTBE (KaXIbld Ha CBOKWO 3Be3ny). Ho MexaHusm
TOPU30HTAJIBHOW KOppeKUuuu o mepe nepemerieHuss BC pa3BopaunBaeT UX OCH
TaK, YTOOBl OHM OCTaBAJINUCh B TEKYIIEH rOPU30HTAIBHON IUIOCKOCTH, OOILIEH aist
000MX THPOCKOMOB. DTOT Pa3BOPOT MPOUCXOJIUT B BEPTUKAIBHOM IUIOCKOCTH, TO
€CTh OJWH KOHEI] OCH TUPOCKONA OITyCKaeTCd, OPyrom — rmnomHumaercs. Ho
HUKAKOTO OOKOBOr0 MOBOpPOTa (BIPaBO-BJIEBO) HE MPOUCXOIUT, MOITOMY YIoJl
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MEXKIy OCSIMH THPOCKOIIOB COXpaHsSETCS TeM >K€, KaKUM OH OblT BHayaie. A
MIOCKOJIBKY OCh IEPBOr0 TMPOCKOINA HAMPABJIEHA [0 OPTOJAPOMHUHU, TO 3HAYUT U OCh
BTOPOTO THPOCKOINA COXPAHSIET C OpPTOAPOMHUENM Ha MPOTSHKEHUH [OJeTa
MIOCTOSIHHBIN yroi. B 3ToM U 3akitodaercsi CBOMCTBO OPTOJAPOMUYHOCTH.

Takum o0pa3zoM, B MojeTe MO OPTOAPOMUU IPHU OTCYTCTBHM BETpa, KOTIa
nponoabpHas ock BC HampaBieHa o 3Toi OpTOAPOMHUH, COXPAHSAETCS TOCTOSIHHBIM
YTOJl MEXAY OChIO THpOCKONma M mponoiabHoM ockto BC. Ho atoT yrom — 3to
rupockonuyeckuii  kypc. (CrenoBarenbHO, MpU  Hoaeme Ho  OpmoopoOMuUU
2UpocKonuyecKkul Kypc coxpamsemcs nocmoauuvim. Ho Torma cnpaBennmBo H
oOpaTHOE€  yTBEpXKICHHE: 04 Holema No  OpmoopoMuu  HeobXooumo
8b10epIAHCUBAMb  NOCMOAHHBIL  2UPOCKONUYECKUll Kypc. OTUM € OOBICHIETCA
BaKHOCTh THMPOCKOIMYECKUX KYpPCOBBIX MpUOOpoB i HaBurauuu. Benp JI3II
uMeeT GopMy OPTOAPOMHM U 3HAYUT, MOJET MO0 HEM MOXHO JIETKO OCYIIECTBHUTD,
€CJIM JIETETh C TOCTOSIHHBIM THPOCKOITMYECKAM KYPCOM.

OTO yTBEpKACHUE OCTAETCS CIPABEIMBBIM U IIpU HaJM4uuU BeTpa. IIpocto
OyAeT UMeTh MECTO YroJl CHOCa M JJIsl HoJieTa MO 33JaHHOW OpPTOJPOMHUYECKOM
JIBIT HyxHO BBIJICPKUBATh TUPOCKONMUYECKUN KypC, OTJIHUYAKOIIUNCA OT
HaIlpaBJICHUs! OPTOAPOMHUHU HA BEJIIMYMHY 3TOro yria cHoca. IIpononbHas ocs BC
y’Ke He Oy/IeT HalpaBjeHa 0 OPTOAPOMHH, HO TUPOCKOIMYECKHUM KypC BCE PaBHO
OyZAeT MOCTOSIHHBIM, OTJIMYAIOIIUMCS OT IITHJIEBOTO Ha YTOJI CHOCA.

5.9. OnopHblii MepUAHAH U OPTOAPOMHUYECKHUIT KypC

Ock rupockona B Hayajie MOJETa MOXKET ObITh BBICTABIIEHA IO AOCOIOMHO
11000My HalpaBiieHUI0. BpIOOp MUIOTOM 3TOr0 HANpaBiEHUS HUYETO HE MEHSET
JUI HaBUIallMM 1o cyuiecTBy. IIpocTo uncineHHble 3HaAYEHUSI TUPOCKOIMYECKOIO
Kypca, KOTOpbIE HYKHO BBIAEP)KHUBATh A Mosieta no oproapomuueckoin JI3II,
OyAyT pa3HbIMM B 3aBUCMMOCTH OT MPHUHATOrO HANpaBICHHs Hadaja OTcueTa
(BbICTAaBICHHOM oOcH Tupockomna). Ilpogomkas aHamoruio € yYacaMu, MOKHO
OTMETHUTh, YTO B NPUHLHUIIE HEBAXXHO, [0 KAKOMY BPEMEHHM XOJAT Bamm 4acsl.
Ecnu Bwl 3Haere, 4TO JIGKIIMM HAYMHAIOTCS MO MOCKOBCKOMY BpemeHu B 9.30),
HUYTO He MelaeT BaM ycTaHOBUTH CBOM 4achl XOTh MO Xa0apOBCKOMY BPEMEHHU.
Bbl Bce paBHO MpuAeTe BOBPEMS, €CIIM, KOHEYHO, 3HAETE, UYTO MO XabapOBCKOMY
BpeMeHu Havano jexkuuid B 16.30. Hudpsr He nmeroT 3HaueHus. ['naBHoe, YTOOBI
noKa3zaHusi npudopa (4acoB) U 3aJaHHOE BpeMs ObLIM B OJJHOM U TOM K€ cUCTEME
OTCUETA.

To4HO Tak k€ U C KypCOBBIM T'MPOCKONOM. ETro OCh NpH BBICTABKE MOMKHO
YCTAaHOBUTH MO JIOOOMY HANpaBJICHWIO, HO TOTJAa WU 3aJaHHBIM IYTEBOW Yrol
JIOJDKEH U3MEPATHCA OT ATOr0 K€ HampasieHus. MOXHO, HapuUMeEp, YCTAaHOBUTH
och rupockomna npsmo no HampasiieHuto JI3II. Torma 3amaHHbIi yTEBOM yroa
OyZeT paBeH HYJIO U MPU OTCYTCTBUHU BETpPa TaKOW KypC U HYXKHO BBIACPKHUBATh.
HuTepecHo, 4yTO Ha 3ape NPUMEHEHHUS TMPOCKONMYECKUX KYpPCOBBIX HPUOOPOB
Takasi METOAMKA BBINOJHEHUs MOJIeTa JEWCTBUTEBHO NPUMEHSIACh B BOCHHOMU
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aBUALINU.

Ho BeiaepkuBath Ha mpubope Kypc, paBHbIN HYIIO, IPU MOJETE, HAIPUMED,
Ha 0ro-3amnaji Kak-To0 HEECTECTBEHHO. Benb MUIoThl NPUBBIKIIN, 4TO Kypc 0° — 3TO
Ha ceBep, 90° — Ha BocToK U T.n. [lodTOMy, 4YTOOBI YHMCIEHHBIE 3HAYEHUS
TUPOCKOMMYECKOTO Kypca XOTsi Obl MPUMEPHO COOTBETCTBOBAIM CTOPOHAM CBETA,
CJIOXUJIACh TPAKTUKA BHIOMPATHh HE MPOM3BOJIHLHOE HAMpaBIICHUE Hayanda OTCUETa,
a Takoe, umobbl OHO COBNAOANO C CEBEPHbIM HANPAGIeHUeM UCMUHHO20 UIU
MACHUMHO20 MepUuOUana Kakou-iubo moyku Ha mapuipyme — a’dpoapoMa BbLIETa
i nocaaku, [I1IM u 1.1. Takoe HanpaBiaeHue, BBIOpaHHOE Ui Hadajga oTcyeTa
Kypca (a 3HAYUT W NYTEBBIX YIJIOB, NEJIEHIOB M T.II.) HAa3bIBAIOT CE8EPHBIM
HanpasieHuem ONOPHO20 MepuouaHd, a WU3MEPEHHBIH OT HEro Kypc MNOJIyYHII
Ha3BaHUE opmodpomuueckozo kypca (grid heading).

Taxum oOpa3om, cesepHoe HanpasieHue ONOPHO20 MepuouaHa — 3mo 8
NpUHYUNe Npou38obHOe HAnpasieHue, 8blOpaHHoe NUIOMOM 8 Kaiecmee Hauand
omcuema Kypca, U KOmopoe COXpaHsem O0cCb uoeaibHo2o 2upockona. Ecmnu
BBICTABUTH OCh TMPOCKOIIA IO 3TOMY HaIIPaBJIEHUIO, TO OPTOAPOMHUYECKUN KypC U
TMPOCKOIINYECKUNA KYpC — OJHO U TO JK€. A €CJIM TUPOCKOII €IIE HE BBICTABJICH WJIN
10 KaKMM-TO IPUYMHAM YLIEJ OT 3aJaHHOIO HAaIIpaBJIEHUs, TO Ha IIKAJIe KoMIaca
OJTHO 3Hau€HUe (TMPOCKONMMYECKHH KypC, TO €CThb KypC, OTCUMTAHHBIM OT OCH
TMpPOCKOIa), a Ha CaMOM JIeJI€ 10 OTHOLIEHUIO K BblOPAHHOMY HANPAGIEHUIO
OMOPHOTO MepHuAHaHa NnpoaosibHas ocb BC HampaBieHa moa APYTHM YIJIOM
(oproapomuueckuid kypc). Tak ke U ¢ yacamu. Bpewms, koropoe Bel xomume
UCIIOJIb30BaTh (HallpUMEp, MOCKOBCKOE) COOTBETCTBYET OPTOJPOMHYECKOMY
Kypcy. A BpeMs, KOTOpoe nokazviearom Bamm 4dacel (OHH €1Ie MOXKET ObITh HE
BBICTABJIEHBI WJIM IPOCTO HETOYHBI) — COOTBETCTBYET THPOCKONTUYECKOMY KYpCY.

Takum oOpa3zoM, (QuU3WYECKH HampaBlI€HUE OMNOPHOTO MEpPUJMaHA — 3TO
HalpaBJIECHUE OCH THPOCKOMA, KOTOPbI BBICTABIEH IO  BBHIOPAaHHOMY
HaIIpaBJICHUIO.

Ho Ha npakTuke ONOpHBIM MEPUAMAHOM Ha3bIBAKOT U 3eMHOU MEPUIUAH, C
KOTOPBIM 3TO HalpaBJICHHE coBnagaeT. Hampumep, ecam ock TMpocKkona B Hadase
II0JIETa BBICTABJICHA 110 HANpPaBJICHUI0 MarHUTHOIO MEPHIHMAHA a’poapoMa
[IynkoBO, TO TOBOPAT, 4YTO ONOPHBIM MEPUIUAHOM SIBJISIETCS. MarHUTHBIN
mepuanad IlynmkoBo. M B monere B paitone HoBocuOupcka cuuTarT, UTO
TUPOINOJIYKOMIIAC U3MEPSIET KYpPC OT MYJIKOBCKOIO MArHUTHOTO MEPHIUAHA.

Crnenyer oco3HaBaTh yCIOBHOCTh MOJOOHBIX BbIpaykeHUU. Pasymeercs, cam
TUPOCKOI 3HATh HE 3HAET, T1e 3T0 [IyaKkoBO, U HE MOXKET U3MEPUTH OT HETO KYypC.
OH npocto Bemer ceds Tak, Kak IOJOKEHO MO 3akoHaMm (Qu3uku. JlaHHOoe
BBIPDAKEHHE TMIPOCTO O3HAYAET, YTO €CJIM BMECT€ C THUPOCKOIOM CamoJieT
MEPEMECTUTCS MO OPTOAPOMUU (MMEeHHO mo opTtoapomuu!) B IlynkoBo, TO Tam
HaIlpaBJIEHUE 3TOM OCH COBIIAJIET C MATHUTHBIM MEPUIUAHOM 3TOTO a3POAPOMA.

MoskeT 11 OCh THPOCKOMNA OBITh BBICTABJICHA OJHOBPEMEHHO IO JBYM WM
TpeM onopHeIM MepuauaHaMm? KoneunHo. Beap moJa OmOpHBIM MEpPHUIMAHOM Ha
3eMJie TOHMMAETCS] UCTUHHBIA WM MAarHUTHBIA MEpUJMaH KaKOW-TO TOYKHU Ha
MapIIpyTe, ¢ KOTOPbIM COBIAAET OCh TMPOCKONA, ECJIM EPEMECTUTCS B 3Ty TOUKY.
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JlomycTuM, THpPOCKOII BBICTABJIEH MO WCTUHHOMY Mepuauany llynkoso. Ho B
I10JIETE€ MEHSIFOTCS HAIIPaBJICHUS UCTUHHBIX MEPUIUAHOB U3-3a YIUIA UX CXOKICHUS
U MarHUTHBIX MEPUIMAHOB H3-3a M3MEHEHUS MAarHUTHOTO CKJIOHEHHs. BroisHe
MOXET OKa3aTbCsl, YTO B KAaKOW-TO TOYKE MaplIpyTa OCb I'MPOCKOIIA COBIIaja C
MarHUTHBIM MepuAnaHoM. Torna ero To)ke MO>KHO CUUTATh OMOPHBIM (pHC. 5.26).

Cy Cu Cu
Co Co AMACy,
Co
OpTtoapomus
A B C

Puc. 5.26. OnopHbie MepunaHbl

B cBs3M ¢ 3TMM HE MMEIOT CMBICIIA JTUCKYCCHUH, MHOTJA BO3HUKAIOIIHE Y
NUJIOTOB, O TOM, KaKO OMOPHBIM MEpPUAMAH JIydllle BbIOpaTh — UCTUHHBIA WA
MarHuTHbIA. Hukakon pasHulbl HeT. Benb Ha caMoM Jiesie CEBEpHOE HAIPABIICHUE
OIIOPHOTO MEpUJMaHAa — OTO HANpPABIECHHWE OCH THUPOCKOMAa. A C KakuMm
HaIIpaBJICHUEM 3€MHOI'0 MEPUAMAHA OHO COBIIAAaET — HE UMeEET 3HadeHus. IIpocto
no-pazHoMy OyAyT BBIIJISAETH (OPMYJIbI ISl MEPEXoAa OT OPTOIPOMUYECKOTO
Kypca K ICTUHHOMY WJIM MarHUTHOMY.

5.10. AzumyTajibHasi MONMPaBKa U NMpeodpa3oBaHNne KYpcoB

A3umymansnas nonpaska u npaeuno yiema nonpasok. I10CKOIBKY K
UCTUHHOMY, MarHUTHOMY W KOMIIaCHOMY MEpHIHaHaM T00aBHWIICS €IIe OJIUH —
ONOpHbII, TO TOJKHA TIOSIBUTHCA U €IIIe OJIHA TIOTIPaBKa.

Asumymanvuas nonpaska (AA) — omo y2on, 3aKIOUYEHHLIU MeHCO)y
CEBEpHLIMU ~ HANPAGNEHUAMU ONOPHO20 U  UCMUHHO20 Mepuouanog. OHa
OTCUHUTBIBAETCS OM ONOPHO20 MepUuOUaHa 8 CMOpPOHY UCMUHHO20 - K BOCTOKY C
wiocom (puc. 5.27, a), K 3amaagy ¢ MHHYCOM (QHQJIOTMYHO MAarHUTHOMY
CKJIOHEHHIO U jJeBuaiun) (puc. 5.27, 0).

Tenepr yke pacCMOTPEHHOE TMPABWIO ydYeTa TOMPABOK MOXKET OBITh
rpadudecku n300paxkeHo B emie Oosiee motHOM Bujie (puc. 5.28).

CMbIC TIpaBWIa, pa3yMeeTcs, OCTaeTCsd MPEKHUM: TPU TMepexoae OT
NpUOOPHBIX BEIIMYWH K HWCTUHHBIM BCE TIOMPABKH MPUOABIAIOTCS, TO €CTh
YYHUTBIBAIOTCS CO CBOMM 3HAKOM, a MPH MEPEX0e OT UCTHHHBIX K MPUOOPHBIM —
BBEIYMTAIOTCS.
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Puc. 5.28. [IpaBuio ydeTa morpaBox

Yem npaBee nzobpakeH Kype (cM. puc. 5.28), TeM oH 0ojiee KUCTUHHBIN U,
COOTBETCTBEHHO, Y€M OH JieBee — TeM OH Ooisiee «mnpuOopHbIi». Heobxonnmo
oOpaTUTh BHUMAaHKE, YTO OPTOJPOMUYECKUI KypC CUMTAETCs 00Jiee «UCTUHHBIMY,
YeM UCTUHHBIA Kypc (M3MepsieMblid OT reorpauueckoro MepuauaHa).

Kak yxe mokas3aHo, 3HayeHHE, KOTOPOE€ MbI HEIOCPEACTBEHHO CHUMAaeM C
MAarHATHOTO KOMIIAca, HAa3bIBAETCSA KOMIIACHBIM KypCOM. SICHO, 4TO 3TO CaMbld
«TpUOOPHBIN» U3 KypCOB. 3aTeéM Mbl yUUThIBaeM JeBualuio AK, n30aBissich OT
NOTPENIHOCTEN TAHHOTO KOHKPETHOI'O MPUOOpa, BBI3BAHHBIX BIUSHUEM HAa HETO
MAarHATHBIX NOJIEN camosneTa. 11oydeHHbI TpU A’TOM MarHUTHBIA KypC SIBJISIETCS
Oonee «HUCTHHHBIM», Y€M MNpPUOOPHBIA. 3aTeéM MOXHO YYECTh MAarHUTHOE
CKJIOHEHHE 4 M ¥ MOTy4YNnTh UCTUHHBIN Kypc. Tem cambIM MBI YCTPaHSIEM BIHMSHUE
HEMPAaBWJIBHOTO MArHUTHOTO TOJISI 3€MJIM, KOTOPOE€ MENIAET HAM H3MEPUTH KypC
oT reorpaduyeckoro MepuauaHa. Paszymeercs, HUCTUHHBIH Kypc Oojee
CUCTUHHBINY, 00JIee TPaBUIIbHBIN, YEM MarHUTHBIN.

Ho wuctunnbie (reorpaduueckue) mepuauaHbl HE MapalieNbHbI, B MOJIETE
TEeKyIIMA MCTHUHHBI MepUAMaH Kak Obl MEHsSEeT CBOE€ HampaBlieHue. A
HaIlpaBJI€HUE OIOPHOIO MeEpHJMaHa (OCHM THPOCKONA) OCTAETCI HEM3MEHHBIM.
[ToaTOMy W3MEpEeHHBIH OT HEro OPTOAPOMUYECKHM KypC M cuumTaercs Oosee
«uCTUHHBbIMY». [lepeliTH K HeMy MOXHO OT UCTUHHOTO Kypca, NpuOaBHUB
(MOCKOJIBKY TEpPEXOJIMM B CTOPOHY 00Jie€ «UCTUHHBIX» KYPCOB) a3UMYyTaJIbHYIO
nonpasky AA4.

NHorga B HaBUrauMy MCHOJIB3YIOTCS €IIE€ JBA BHUAA IONPABOK, KOTOPHIE
HOCSIT BCTIOMOTaTEJIbHBIN XapaKTep: YCIOBHOE MArHUTHOE CKIIOHEHHE U BapUaLlUsl.
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Venosnoe macnummnoe cknonenue (AM,) — amo yeon medcoy ceseprvimu
HanpasieHusMu ONnOpHO20 U MAa2HUmMHo20 Mepuouarnos. OHO MOXKET ObITh
UCIIOJIb30BAHO  JJII  MPSMOro  Mepexoja OT  MarHuTHOro  Kypca K
OpPTOAPOMHUYECKOMY U 00paTHO, MUHYSI HICTUHHBIN. HeTpyniHO cooOpa3uTk, 4To Ta
MOMpaBKa MPOCTO SIBJISIETCS CYMMON MAarHMUTHOTO CKJIOHEHHUS W a3uMyTalbHON
MOMPABKU:

AM, = AM + AA.

OrcuntbiBaerca AM, OT ONOPHOTO MEPHUIUAHA AHAJIOIMYHO JPYIMM
nonpaBkaM (K BOCTOKY C IUTIOCOM, K 3amajy ¢ MUHYCOM). 3aM€THM, 4YTO JiroOas
MOTIPaBKa BCETa OTCYUTHIBACTCS OT 00JIee «MCTHHHOTO» MEpPUIUAHA.

Bapuayus (4) — yeon medxcoy cesepHviMu HANPABIEHUAMU UCMUHHO20 U
KomMnacHozo mepuouarnog. OHa SBISETCA CYMMOW JI€BHAIlMM W MAarHUTHOTO
CKJIOHCHHSI:

A=A4K+AM .

Bapuanus MOXET CHyXUTh Uil HENOCPEICTBEHHOTO Mepexoja OT
KOMITAaCHOTO Kypca cpa3dy K HMCTHHHOMY M oOpaTHo. B Hacrosiee BpeMs oHa
WCIIOJIB3YETCS HAa IPAKTUKE PEAKO.

Hcnonesyrorcs AM, wn A B COOTBETCTBMM C OOIIMM IIPaBHJIOM YyYeTa
MOMPaBOK, TO €CTh MPH MEePexo/ie K 00Jiee UCTUHHBIM KypcaM MPUOABIISIOTCS.

N300pa3uM Bce pacCMOTPEHHBIE BUALI MEPHUAMAHOB, YIJIbl MEXAY HUMH
(mompaBKK) U KypChl, OTCYUTAHHBIE OT Pa3HbIX MepuauaHoB (puc. 5.29). Cnenyer
MOAYEPKHYTh, YTO PHUCYHOK MPHUBEACH TOJBKO B WJUIIOCTPATUBHBIX Ieisx. He
cnedyem NblMamvCs ¢ NOMOWBIO 91020 UMY NOOOOHBIX PUCYHKO8 NOAYYaAMb
COOMHOWEHUSL MeAHCOY PA3HBIMU 8UOAMU KYPCO8. ITO HE TOJNBKO HEI(PPEKTUBHO,
HO M ONAcHO — BEJb 3HAKW KaXKIOW IMOMPABKU MOTYT OBITh Pa3IUYHBIMH U
MOMNBITKa HAPUCOBATh «BEEP» MEPUAMAHOB I KAXKJIOM KOHKPETHOW CUTYaIluH,
YTOOBI TIOJIYYUTh CBSA3b MEXKIY Kypcamu, ypeBaTa ommOkou. [la u 3aHMMAaeT 310

MHOTI'O BpEMEHU.
CncCm Ck
0 A
AMIAK

C

Puc. 5.29. Hanpasnenus Hauana oTcueTa ¥ MOMPABKH
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JIns mepexona OT OJHOTO BUAA Kypca K JpPYroMy CJIEAYET HCIIOIb30BaTh
MONbKO NPpAsUo yiema nonpasox, KOTOpoe MUJIOT JOJKEH X0opouo 3HaTh. Cxema
mpaBuia ydyera IMOMpaBOK, M300pakeHHas Ha pUCYHKe (cM. puc. 5.28), moikHa
OBITh HABEKH OTII€YaTaHa B MaMATH JII0OOOTO MUIIOTA.

[IpaBwiio yyera momnpaBoK MPOUJUIFOCTPUPOBAHO HAMHU HA MPHUMEPE KYPCO8
(cm. puc. 5.28). Ho, pazymeercsi, OHO CpaBeaMBO HE TOJIBKO JJisi KYpCOB, HO H
JUIsi TIOOBIX HAIpaBICHUH: TYTEBBIX YIJIOB, MEJICHTOB W T.MI. DJTO TPABHIO
OTPaXXaeT CBSA3b HE MEXKJly CAMUMU YTIIAMU, XapaKTEPU3YIOIMMU HAIIPaBJICHUS, a
MEXIY Hayaiamu omcyema 3TUX HAIMPABICHUN — «CEBEPHBIMU HAIPABICHUSMM)
KOMIACHOTO, MAarHUTHOIO, WCTHUHHOTO M OINOPHOTO MepuauaHoB. OTMeTuM,
KCTaTH, YTO TEPMHUH «CEBEPHOE» NPUMEHUTEIBHO K HAIPABJICHUIO SBJSETCS
YCIOBHBIM. TOJIBKO y HMCTHHHOIO MEpHUJHAHA CEBEPHOE  HAINPABJICHUE
COOTBETCTBYET HAMNPABJICHUIO HA CEBEP, TO €CTb K CEBEPHOMY IIOJIOCY.
KoMmnacHblii M MAarHUTHBIM MEPUAMAHBI OTKJIOHSIOTCS OT HaIpaBJICHHS Ha
reorpauyecKuii  TOJIOC  M3-32  JICBHAIIMM M MAarHUTHOTO  CKJIOHEHHS
COOTBETCTBEHHO, M O3THU OTKJIOHEHHUS MOTYT ObITh OueHb OosbmuMmMu. Hy, a
«CEBEPHOE» HAMPABJIICHUE OMTOPHOTO MEpPUANaHa MOKET BOOOIIE ObITh JTHOOBIM.

JJ1st mpaBUIJILHOTO TIepeBOIa JII0OOTO HAMpaBJICHUs, B TOM YHUCIE Kypca, U3
OJIHOM CHUCTEMBI OTCUETa HAIPABJICHUIN B IPYryr0 HEOOXOJAMMO 3HATh YMCJICHHbBIE
3HaueHus nomnpaBok AK, AM, AA. Kak yxe ormeyanocs, aeBuannio AK m0umoT
MOXET MOJYYUTh C MOMOIIbI0 rpaduka (TaOIuIbl) A€BUALUM, PA3MEIIEHHOTO B
KaOWHE JUIs KaXKJ0r0 MarHUTHOrO Komraca. MarHutHoe ckjioHeHue AM MOKHO
ONPEAEIUTD, 3HAI MECTO CAMOJIETA, C MOMOIIILIO HAHECEHHBIX HA KapT€ U30TOH. A
BOT a3UMYTAJIBHYIO TMOMNPABKY AA TWIOT AOJDKEH PACCUUTATh CAMOCTOSTENBHO.
Benb ee 3HaueHMe 3aBUCUT HE TOJIBKO OT TOTO, B KakoM MecTe HaxoauTcess BC, HO u
OT TOTO, KAKO€ UMEHHO HaIPaBJICHHE BHIOPAHO B KAYECTBE OMOPHOTO MEPUIUAHA.

[Tycts B Touke O (puc. 5.30), Hampumep, Ha a’poapoMe BBUIETA, OCh
KypCOBOTO THPOCKOMNA Obllla YCTaHOBJEHAa B HEKOTOPOM HAIPaBJICHUH, KOTOPOE
0003HauuM Cy — 3TO M €CTh CEBEPHOE HAMPABIICHUE OMOPHOTO MEpUIUaHA. YTOI
MEXYy 3TUM HAIIPAaBJICHUEM M CEBEPHBIM HAIIPABICHUEM HUCTUHHOIO MEpUIMAHA
C, TaHHOW HayallbHOW TOYKHM MapuipyTa — 3TO a3uMyTajbHas IOIMpaBKa B 3TOU
HayaJabHOU TOuke AAp. byaeM cunutarh, 4TO MOJIET BBIMOJHSIETCS 1O OPTOJIPOMUU
Y TOYKa A — IPOU3BOJIbHAS TEKYLIAs TOYKA HAa 3TOM OPTOAPOMMUH.

Puc. 5.30. K BeiBoy hopMyJIbl U1 a3UMyTalbHOM TOMPaBKU
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B HavanpHO TOuke O OCh THpPOCKONA COCTaBIsJIa KaKOW-TO YIoOJl C
OpTOApPOMHEN ToNieTa (Ha PUCYHKE ATOT Yros OO0O3HAYE€H JBOWMHOW JIMHHEH).
BcnencTBue cBoiicTBa OPTOJIPOMUYHOCTH THPOCKOIA €r0 OCh U B TOUke A OyneT
COCTaBIISAITh C OPTOJAPOMUEH Takoil ke yroy. Ho ¢ HCTUHHBIM MEPUANAHOM TOYKHU
A och rHpockomna (CeBEpHOE HaIpaBiCHUE OMOPHOr0 MepuauaHa) Oyner
COCTaBIISATh Y€ APYrodl Yyroji, OTIWYAIOLIHUICS OT HA4YaJIbHOrO 3HaueHHs AA,.
Benw opTompomus mepecekaeT BCE UCTUHHBIE MEPUIMAHBI MOJI PA3HBIMU YIJIaMU
(myTeBBIMU yTJaMu OPTOAPOMHH), & OCh THPOCKONA HANpPaBJICHA K OPTOJPOMHH
1OJI OHUM U TeM ke yriaoM. OueBUsHO, 4TO A4 Oyoem HACMOILKO OMAUYAMbCS
om AAy, HacKonbKo uzmMeHuIcs nymesou y2on opmoopomuu. Ho pa3HOCTb MyTEBBIX
YIJO0B OPTOAPOMHHM B JBYX TOYKax 3TO IO ONPENEICHUIO YroJl CXOXKICHUS
MEpPUANAHOB O . lIpu mosere Ha BOCTOK (cM. puc.5.30) yroia CXOoXIeHUS
TEKYLIEr0 MUCTUHHOIO MEpUIMaHa OTHOCUTEIbHO MEpPHUJIMaHa HAadaJIbHOW TOYKHU
yBenuuuBaeTcs. Tekylmuid MepuanaH Kak Obl MMOBOPAuMBAETCs BIIEBO, MPOTHUB
YacOBOM CTpEJKH, MO3TOMY TEKyIllee 3Hau€HUE a3MMYyTaJbHOM MoINpaBKU Oyner
MEHBIIIE €€ HAYAJIbHOTO 3HAYCHHUS Ha BEJINYUHY

5cx: (/12'/11) Si n¢cp-

W3menum o0o3HaueHuss B JaHHOM (¢opMylle B COOTBETCTBUHM C
paccMaTpruBaeMou 3a1aueil.

O0603HaUMM Ay JOJITOTY HayalbHOTO MEPHAMAHA, TO €CTh MEpUIMaHa, Ha
KOTOPOM a3uMyTajibHas momnpaBka paBHa AAg. Jloaroty BTOpoi TOUKH 0003HAYUM
IIPOCTO A, TOCKOJIBKY 3TO MPOU3BOJIbHAA (TEKyllas) TOUKa Ha MapuipyTe. Toraa:

A4 = AAO - 5cx= AAO_ (},_},0) Singocp .
BriHeceM 3HaK «MUHYC» U3 KPYTJIOH CKOOKU Y TIOJTY4HM:
A4 = AAo+ (o —2) SiN @, (5.1)

Ot1o0 obmras popmyna ais pacuera a3uMyTaIbHOW TOMPABKH, CIIPaBEIINBas
07151 1106020 8bIOPAHHO20 ONOPHO20 Mepuduara. B atoit hopmyse:

AAp - a3uMyTaibHas MoMpaBka Ha MEpUIMAHE C JIOJTOTON Ay (Ha ONOpHOM
MEepHUANaHe);

A - TOJIrOTa TEKyIIEH TOYKH, JIJIs1 KOTOPOU paccuuThiBaeTcs AA4;,

@cp - CPENIHSAA U3 IIMPOT TEKYIIEH TOYKHM HA MapIIPyTe€ W TOYKH C JONTOTON
Ao » B KOTOPOI OCh TUPOCKOIIA COCTaBJIsIA C UICTUHHBIM MEPUAMAHOM yToa A4y .

To ecTb

:(00"'(0

¢cp 2

[To popmyrne (5.1) MOXKHO paccUMTaTh a3UMYTAIBHYIO MOMPABKY B JHOOOM
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TOYKE MapIIpyTa, AaKe €CIU CEBEPHOE HaIpaBJeHHWE OIOPHOTO MEpUIuaHa
BBIOpAHO Ha 10T, HA CEeBEPO-3amaj, KyJa yroHo.

Ho, xak yxe oTMeuanock, Ha MIPaKTUKE HAIIPaBJICHUE OMOPHOTO MEpUIuaHa
(ocu THpoOCKOMa) BBIOMPAOT TaK, YTOOBI OHO COBMAAAJO C HampaBlICHUEM
UCTUHHOTO WJIM MarHUTHOTO MeEpUIuaHa KaKOW-IMOO TOYKH MapIiipyTa
(Hammpumep, a’poapoMa BbLIeTa). Jlodarora 3ToM TOYKM M OOO3HAYaeTcs Ag
Paccmotpum, kak OyaeT BeINIIACTh oOmas ¢opmyna (5.1) B 3THX YacCTHBIX
ClIydasx.

1. Onopnuiti mepuouan — ucmunHsll, TO €CTh OCh TUPOCKOIA BHICTABJICHA TIO
HaIpaBJICHUIO MUCTUHHOTO MEpUIWaHa TOYKU C JOJTOTOH Ao . O4eBHIHO, YTO B
stoMm ciydae 44,=0 u popmyna 11t a3uMyTaTbHON TTOTIPABKX MTPUMET BHUL:

Aa =(4y—4) sin ¢ (5.2)

B JaHHOM CJIydac asuMyTallbHas IIOIIPpaBKa IIPOCTO paBHA YIUIY CXOXICHUA
MCpHUIHNAaHOB 5cx C IIPOTHUBOITIOJIOKHBIM 3HAKOM.

Ecan HGO6XOIII/IMO, TO MOXHO pacCUuTaTb MU YCIOBHOC MAIrHUTHOC
CKJIOHCHUC.

AM, = AA+ AM =(34—7) Sin p., + AM,.

rae AM - MarHUTHOE CKJIOHEHHE B TEKYIIEH TOYKE, ISl KOTOPOU pacCUUTHIBAETCA
IIOIpaBKa.

2. Onopuwiti Mepuouan — MacHUmHbwlll, TO €CTh OCh THPOCKOIIA BBICTABJICHA
[0 HAIpPaBJICHUI0 MarHUTHOTO MEpUANaHa TOYKH C JOJTOTON Ag . A3UMyTajabHas
MOMpPaBKa B 3TOM TOYKE OTCUUTHIBAETCS OT OMOPHOI0 MEPHIMAHA (COBMAIAIOIIETO
C MarHUTHBIM) B CTOPOHY UCTHHHOTO. HO Takoii ke yrois, OTCUMTHIBAEMBIN B
IIPOTUBOIIOJIOKHYIO CTOPOHY — OT MCTHHHOIO MEpPUIAMAaHA K MATHUTHOMY — 3TO
MarHutHoe ckjoHeHue AMg B naHHOW Touke. CrlenoBaTeslbHO, a3UMyTallbHAs
MonpaBka HAa HayaJbHOM MEPUAMAHE M MArHUTHOE CKIOHEHHE Ha 3TOM XKe
MEpUMAHE OTINYAIOTCS TOJBKO 3HAKOM:

AAQ :_AM().

37eCh HYJIEBOW MHAEKC Y MATHUTHOTO CKJIOHEHUS MOJYEPKUBAET, YTO ITO
MAarHUTHOE CKJIOHEHHWE MMEHHO Ha OMOPHOM MepuauaHe. Pasymeercs, B pa3HbIX
TOYKAaxX MaplipyTa MarHuTHOE CKJIOHEHue pasznmuuHo, HO AM, sBusercs
KOHCTAHTOW JJIsl JAaHHOT'O MapIiIpyTa.

Torna popmyna aJist a3UMyTalIbHON MOMPABKU MTPUMET BU:

AA =(1g-2) SiN g,y - AMg , (5.3)

a IJIg YCJIIOBHOT'O MAarHUTHOT'O CKJIOHCHHA .
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AMy = AA+ AM :(},Q_;{) sin Qep + AM — AM..

Ha mnpaktuke paccMOTpEHHBIE JBa YACTHBIX CJy4as, COOTBETCTBYIOIIHE
dbopmynam (5.2) u (5.3), Kak MpaBUIO, U UCIIOIB3YIOTCS.

Ilpeoopazosanue Kypcos. PaccmoTpuMm mpeoOpa3oBaHHE KypcOoB Ha
npumepe.

JlommycTuM, 4TO Ha a’3poJIpOMe BbUIETA OCh TMPOCKOINA ObliIa BHICTABJICHA TI0
MASHUMHOMY MEPUOUAHY adPOOPOMA C KOOPIUHATAMH

Ao=18°6.0. @=52° c.ws. MarHuTHOE CKJIOHCHHE Ha a’pPOJIPOME BBIICTA
A M0:_4O .

B nacrosimuii moment BC HaxomuTcs B TOYKE C KOOpAMHATAMU MeECTa
camoJeTa

1=86°6.0. @=48°c.w. MarautHoe CKJIOHEHHUE B TOUKe HaxoxaeHus BC
AM= —1]° .

MarnuTHblii Kypc B JaHHbII MOMEHT y,= 137° . Tpebyercs omnpenenurthb
OPTOAPOMUYECKHUH KYPC Yo , TO €CTh KypC OTHOCUTEIBHO OMIOPHOI'O MEPHINaHA.

B coorBercTBUM ¢ MpaBUJIOM ydeTa TMOMPABOK JJisi  TOJy4YEHUs
OpPTOJIPOMHUYECKOTO Kypca K MarHUTHOMY KypCy HYXHO MpuOaBUTH (TMEpexojl B
CTOPOHY «HUCTHUHHBIX» BEJIIMYMH) MArHUTHOE CKJIOHEHHE U a3UMYyTaJIbHYIO
MOTIPABKY:

Yo= Yut4AM + 44 .

MarHutHoe CKJIOHEHHE Yyxe wu3zBectHo (AM=-1°), a asumyTanabHyIO
MONPAaBKy HYXXHO paccuuTaTh. [IOCKOJIBKY ONOpHBIM MEpHUIANAH MAarHWUTHBIM,
ucnoiaszyeM gopmyny (5.3):

AA =(lg—3) sin g, — AMg = (78-86) sin 50° —(—4) = (~8) 0,76 +4=
—+4=—2°.

B npuseaennom pacyere 50° — 310 cpeaHee 3HaueHue ABYX mHUpoT (48° u
52°) . Ha npakTHKe TpH €ro OonpeieeHuH HET HEOOXOJUMOCTH PACCUNTHIBATD 3TO
3HaUYE€HHWE TOYHO (YYHUTHIBATh [OJIM Tpaayca), MOCKOJBbKY OTCUHTATh KYypC C
KOMIIaca MOXHO B JIyYIlIeM CIy4yae ¢ TOUHOCTbIO /10 Tpaayca. [1o 3Toit sxe nmpuunHe
yToJ CXOXACHUS MEPUANAHOB B 3TOU (popMyie, Oosee TOUHOE 3HaYE€HUE KOTOPOTO
(—6,13°), okpyriieH 10 1eJI0ro 3Ha4YeHUs rpaaycoB (—6°).

Torpa:

Yo= Yu+tAM + A4 =137 + (—-1)+ (-2)= 137-1-2=137—-3=134°,

3ameTM, uTO BeauuuHa (—3°), KoTopas Oblia MpuOaBiicHa K MarHUTHOMY
KypCy IJis TOJYyYeHHs] OPTOJAPOMHYECKOTO, 53TO U €CTh YCIOBHOE MAarHUTHOE
CKJIOHCHHE.

Takum oOpa3zoM, MOIB3YSICh MPABWIOM ydeTa MONpaBok u ¢opmynamu (5.2,
5.3) nns  pacueta a3sUMyTAIbHOW TIOTMPABKW, MOKHO BBITOJIHUTH JIHOOBIE
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npeoOpa3oBaHusi KypcOB, a TakKe IIEJIEHIOB, IYTEBBIX YIJIOB M JIIOOBIX
HAIpaBJICHUM.

Muemonuueckana cxema npeodpazosanus Kypcos. B monere u 1pu
MOJATOTOBKE K HEMY MOJIOOHOTO poJia 33Jja4l HY>KHO YMETh pellaTh MPaBWIBHO U
obicTpo. Ha mpakTuke mpu TakuxX pacuerax HWHOT/A JIOMYCKaIOTCs OMIMOKH W3-3a
TOTO, YTO MHJIOT HETBEPJIO 3HAET, KaKyl0 UMEHHO (HOpPMYJy HYKHO MPUMEHUTH,
MyTaeT 3HAKW BEIWYMH WU T.II. A BEAb HEMPABUIBHBIN pacueT Kypca CJICIOBAHUS
MOJKET OUeHb OBICTPO MpUBECTH K ykiIoHeHHI0 oT JI3II 1 moTepe opueHTUPOBKH.

JInst  yMEHBIIEHUS BEPOSTHOCTHU Takoro poja OmHOOK MOXKHO
MCIIOJIB30BaTh MHEMOHHMYECKYIO CXEMY, KOTOpas MO3BOJIAECT BBINOJHUTH Pacyer
npakTHuecku 6e3 (opMyIl U He mepenyTarh 3Haku. MHeMoHn4Yeckas (0T mNnemos —
naMmsTh) B JIaHHOM CJydae O3HadaeT ooOservaromias 3anomMuHanue. Kcrarw,
rpaduveckoe H300pakeHUE MpaBWIIa ydeTa MOoMpaBoK (CM. puc. 5.28) — 3T0 TokKe
MHEMOHHMYECKAs CXEMA.

B rnaBe 2 oTmMedanock, 4To OJTHO U TO k€ pU3HUECKOe HampaBieHue (Kypc,
MeJIeHT U T.I.) MOXXKHO KOJIMYECTBEHHO XapaKTEepPU30BaTh yriaMHu, KOTOPBIE ATO
HaIpaBJIeHUE COCTABISIET C KAKUMU-TMOO OTMIOPHBIMU HAIpPaBICHUSMU, HAIIPUMED,
pa3HBIMU MepUAMaHaMH. B 3aBUCUMOCTH OT BBIOpaHHOTO MEpHUUaHa YIJIbl OyayT
paznuuathes.  [IpeoOpazoBaTh Kypce (wim Jar000€ Jpyroe HampaBlieHHWE) — 93TO
3HAYUT MEPEUTH OT OJTHOTO MEPUIMAHA OTCUETA K APYrOMY, TO €CTh, 3HAsI KypC OT
OJIHOTO MEpHUUaHa, ONPEAEIUTh, KAKUM OH OYIET, €CIIH €r0 UBMEPUTH OT JPYroro
MEpHUIMaHA.

Takas cxema (puc. 5.31) MO3BOJSET «IEPEHTH» OT MEpUIUAHA OJIHOM
TOYKU (MCTUHHOTO WJIM MarHUTHOTO) K MEpUJMaHy JIPYyTroi (TOXKEe UCTUHHOMY WJIU
MarHUuTHOMY).

JlBe BepTHKaibHbIC JMHUK (cM. puc. 5.31)  yCIOBHO HM300pa)karoT
MEpUMaHbl, OT OJJHOTO U3 HUX KypC MU3BECTEH, a OT JAPYroro Hy>KHO y3HaTh. Ha
KOKJIOM W3 HHUX KpPYyXKH ¢ OykBamu M m M, 4dTO 0O3Ha4aeT UCTUHHBIN H
MarHuTHeIM. Ha kaxaoM W3 MEpUIMaHOB MCTUHHBIM W MAarHUTHBIA KYpCHI
OTJINYAIOTCSI HA MATHUTHOE CKJIOHEHUE AM, Ha KaX)A0M U3 MEPUJINAHOB OHO CBOE.

Puc. 5.31. MHemoHunYecKkas cxeMa rpeoOpa3oBaHMs HAPaBICHUN
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Bepxaue kpyxku ¢ HaanucsiMu M coenuHEHbl HAKIOHHOW JIMHUEH, Ha
KOTOPOM HAIMUCAHO |[O¢| (YroJl CXOXIEHHS MEPHJAMAHOB MO a0COTIOTHOU
BenuunHe). BaxkHo oOpaTuTh BHMMaHHUE Ha TO, YTO ATa HAKJIOHHAS JIMHUSA UIET
BBEPX, €CJIM CMOTPEThH CJIEBa HaAMpaBo (C 3amajia K BOCTOKY). To ecTh, Kpy»KKU Ha
IPaBOM MEPUJIMAHE BBIIIE, YEM Ha JICBOM.

[lepen ucnonb30BaHMEM MHEMOHUYECKOW CXEMbI 11E€JIeCO00pa3HO BHaYalle
paccuuTaTh Yroj CXOXIEHUS MEpPUJIMAHOB 1O MOOYal0, TO €CTh, HE oOpalias
BHUMAaHUS Ha €ro 3HaK. 3HaK OyJIeT YUYTEH «aBTOMATUYECKW» MPU UCIOIb30BaHUU
CXEMBI.

JUist onpeneneHuss MOIYJIA yria CXOXKJIEHUS MEPHAMAHOB HYKHO IMPOCTO
IIOCMOTPETh, Ha CKOJIBKO I'PAyCOB pa3IMYarOTCs TOJTOTHI JBYX MEPUAUAHOB, U
YMHOXXKHTh 3TO YHUCJIO HA CHHYC CpEIHEW IMPOThL. IJTOT pacyeT YA0OHO
BbIMOJHUTE Ha HJI-10, mpuueM 0OBIMHO BBICOKAs TOYHOCTH pacdyeTa He TpeOyeTcs,
€CJIM KypC JOCTaTOYHO PACCUUTATh C TOUHOCTBIO JI0 Tpajgyca.

Bcerga ot 04HOro U3 MEPUIMAHOB KypC U3BECTEH, a OT APYTOr'0 €r0 HYKHO
y3HaTh. CHauana HeoOXOIUMO ONPEETUTh, KaKasi U3 ABYX BEPTUKAIbHBIX JIMHUN
Ha cxeme OyJeT m300paxkaTh TOT W Jpyroil mepumuan. CuenaTb 3TO HETPYHO,
3Hasl JOJTOTHl MEPUIUAHOB, €CIU BCIIOMHUTH, YTO JIOJTOTa BO3PACTAET K BOCTOKY
(Ha puUCyHKE — BIIPaBo).

ToT Kypc, KOTOpBIA 3aJaH, MOXET OTCUUTHIBATHCS OT MCTUHHOIO WM
MarHuTHOTO MepuauaHa. B COOTBETCTBUM C JTUM «JIBHWIXKEHHE» 10 CXEME
HauuHaeTcss ¢ Kpyxkka M wim M Ha TOM U3 JByX MEpPHJIMAHOB, OT KOTOPOTO
U3BECTEH KypC.

3aKOHYUTH «IBWKCHHUEY» HYKHO HAa MEPUIUAHE BTOPOU TOUYKH, Ha Kpyxkke 1
Wi M B 3aBUCUMOCTH OT TOT'O, KAKO UIMEHHO KyPC HYXHO OIPEIEIIUTb.

CMbICT TPUMEHEHHUS 3TOM CXeMbl O4eHb NpocT. [lepemMemniascek Mo HeM Ot
UCXOJTHOTO KpPYXKKa K KOHEYHOMY, HYKHO MNpUOaBIATh (BBIUMTATh) BCE TE
MonpaBKku (CO CBOMM 3HAKOM), KOTOpbIE BCTpPETIATCS Ha myTu. [lpuuem, mnpu
JBUKEHUHU BBEPX — NMPUOABIATH, a MPU JBUKEHUN BHU3 — BHIYUTATh.

PaccmoTpum nmpuMeHeHHe 3TOW CXEeMbl Ha TOM K€ MPUMEPE, JJIsi KOTOPOTO
pacyeT ObLI ITPOBEIEH 10 hOopMYyJIaMm.

HarmoMHuM ncX0/THbIE TaHHBIE.

OnopHBIi MepuANaH — MarHUTHBIN, Ag=78° 6.0., @q=52° c.uu. MaruutHoe
CKJIOHEHHE Ha OIopHOM Mepuanane AMy=—4°.

B nacrosmmit MomenT BC HaxoauTcs B ToUke ¢ KoopauHaTamMu A=86° 6.0.,
¢=48° c.u., MAaTHUTHOE CKJIOHEHUE B TOuke HaxoxaeHus BC AM= —]°,

MarauTHbIN Kypc B TaHHBI MOMEHT Y, = 137°.

TpeOyeTcs onpenenuTb OPTOAPOMHUUYECKUI KypC.

Paznocth gonaror aByx mepuauaHoB (86—78)=8 (cuumTaeM Mo MO0, HE
oOpariiasi BHUMaHUS Ha 3HAaK). Y MHOXKMB Ha CUHYC CpeIHel mupoThl 50°, momydum
C TOYHOCTBIO JI0 Tpaayca 6° (MOIYJb YIJla CXOKICHHUS MEPUIHAHOB).

Jlonrota mecta camosnera OoJiblie (BOCTOUHEE), YeM JOJroTa OIMOPHOIO
MepHUMaHa, CIeJ0BaTebHO, HA CXEME MEpHUJHMAaH caMoJjieTa CIpaBa, a OMOPHBIN
clieBa.
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[To ycnoBuIO 3a1auu U3BECTEH MACHUMHbIU KYpC, CIE€IOBAaTEIbHO, PacyeT
HAayHEM ¢ Kpykka M Ha mpaBoM MepuAHaHe CXeMbl (BE€Ib MAarHUTHBIM Kypc
U3MeEpSeTca OT MEpPHUINAHA MECTa CaMOJIeETa, KOTOPBIM B TAHHOM CITy4ae HAa CXEMe
CIpaBa).

Haiitu TpeOyeTcsi OopTOApPOMHUYECKHIl KypC, TO €CTh KypC OT OIIOPHOIO
MepuaraHa (Ha CXeMe OH clieBa), MPUYEeM OIOPHBIA MepUJMaH SBISETCA IO
YCJIOBHIO 33/1a4l MATHUTHBIM. 3HAYUT, IEPEUTH IO CXEME HYKHO K KPYKKYy M Ha
JIEBOM MEPUJIHAHE.

Hauunas ot 3amanHoro kypca (137°) nepemeniaemcs Ha IpaBOM MEPUAUAHE
BBEPX, CJIEJIOBATEIHHO, HYKHO MPUOaBUTh MarHUTHOE CKIIOHEHHE, KOTOPOE UMEET
MECTO Ha JJaHHOM Mepuauane (—1):

137+(—1)=136.

Hanee, ot npasoro kpyxka M nepexoaum k sesomy Kpyxky U. [Tockonbky
JBUKEHUE UJET BHU3, BHIYMTAEM COOTBETCTBYIOILYIO MOMPABKY (6 ):

136—6=130.

W, nakoHen, yxe Ha JieBoM (B JaHHOM cliyyae, OIOPHOM) MEpHIMAHE
HY>)KHO CIYCTUTbCS BHHU3 K KPYXKKy M, cienoBaTelbHO, BBIYECTh MAarHUTHOE
CKJIOHEHHE HAa 3TOM OIOPHOM MEPUANAHE:

130— (—4)=134°.

D710 U OyIeT OPTOAPOMHUUECKHM KypC OT OIIOPHOTO MEPUAHAHA.

Pa3ymeercsi, OTBET COBIAJ C TEM, KOTOPBIN OBLI OJIYY€EH 10 (hOpMyTIaMm.

EcrectBeHHO, mOpu pelieHUH JPYyrux 3aJad TaKoOTO THUIA MOXKET
MOHAI00UTHCS MEPEXOUTH HE OT MPABOT0 MEPUJIMAHA K JIEBOMY, a Hao0opoT. Miun
HAYMHATh U 3aKaHYMBATh MEPEXOJ] OT IPYTUX KPYKKOB Ha CXEME.

[Ipy ucnonb30BaHUU MAHHOW CXEMbl BaXXHO MPABUIBLHO TMOHUMAaTh, 4YTO
pElIeHHEe 33]a4ll 3aBUCUT He Om mMo2o, Kyod Jemum camoiem, TO €CTh IBUKETCS
OH Ha BOCTOK MJM Ha 3amaj. Urpaer posib TOJIBKO TO, OM KAK020 MepUuouana K
KaKoMy ocCyuwecmeisiemcs nepexoo — ot 0ojee BOCTOYHOrO K Oosiee 3armaJHOMY
unn Haobopot. Kyna mmxercs BC HeBaxHO, MOXET, OHO TPOCTO CTOUT Ha
CTOSIHKE.

JleficTBUTEIbHO, B TIPUBEICHHOM MpUMepe ObLI MarHuWTHBIN Kypc 137°
(camoner neTUT Ha 10ro-BocTok). Ilpm mepecuere B OPTOAPOMHUYECKHI OH
ymeHbImwics Ha 3° u cran paBHbiM 134°. Ho ecnau Obl M3HAYaIbHO MarHUTHBIN
KypC B yCIIOBUU 3a7auu ObLI, Harpumep, 270° (BC nerur Ha 3anan), OH TOXKE MPU
nepecyeTre yMEHbIIUJICS Obl Ha 3° U OPTOJIPOMHUYECKHUI Kypc cocTaBuil Obl 267°:
BE/Ib MCXOJHBIM M KOHEYHBIM MEPHUAMAHBI TE K€ caMble. A KyJa HalpaBjeHa
IPOJIOJIbHASI OCh CaMOJIETa HE UMEET 3HAUYCHHUS.

Ecnu nanHyro cxemy MBICIEHHO JAepXaTh Nepeja ria3amMu U IPaBUIBHO
OPUMEHATh, TO TOCJIE TPEHUPOBKM MOXKHO OBICTPO M 0€30IHMO0YHO pemarTh
moI00HOTO poja 3a1aun 0e3 3anoMUHAHUS (HOPMYII.
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5.11. Yxox ocu rupockona oT MepuAMaHa MpHU 1moJiere 1mo
NMPOU3BOJbHOU TPACKTOPUM

PaccMoTpeHHBIN xapakTep MOBEACHUSI OCH THUPOCKOIA B MOJETE OTHOCHUIICA
K YaCTHOMY CJIy4al0 — TOJIET BBIMOJHAETCS IO OPTOAPOMUU. DTOT CIydaid,
KOHEYHO, SBJISIETCSI BAaXHBIM, MOCKOJBKY Jietath Tpebyercs no JI3II, kortopas u
umeer (opmy optompomuu. Ilpu Takom mojieTeé OCh THPOCKOINA  COXpaHSET
NOCMOSAHHBIL Y201 € OpMOoOpomueli U, CIIEA0BATENbHO, U3MEHsem Y201 C MeKyUUM
UCMUHHBIM MepUOUAHOM Ha BEIUYUHY VIJIa CXOXKJICHHUS MEpUAHAHOB (110
CpPaBHEHUIO C TIEPBOHAYAILHBIM YIJIoM). Ha 3TOM 1 oCHOBaHBI (hOPMYJIBI pacdyeTa
a3MMYTAJIBHOU MOIIPABKHU.

Ho odeBmaHO, 4TO B CHITy CaMbIX pa3HBIX MPUYMH (PAKTHUCCKH CaMOJIET
HUKOTJla HE JIETUT MO oproapomuu. Ha kaxaoM ydacTke mapiipyra Hu3-3a
MOTPENTHOCTE HABUTAIIMOHHBIX CUCTEeM W BiusiHUS Betpa BC ykioHsiercs ot
oprogpomuueckor JI3II, BEIXOOUT HA HEE, CHOBA YKIIOHSETCS... A KpPOME TOTO,
MapupyT NPaKTUYECKUA BCETJIa COCTOUT U3 HECKOJIBKUX YYaCTKOB, KOTOPHIE BOBCE
He coBOaaaroT ¢ oproapomueii, coenunstomnieii UIIM u KIIM. Otknonenue I1T1TM
OT TAaKOM TJIAaBHOW OPTOAPOMHUU MOYKET COCTABIIATH COTHH KUIOMETpOB. Kak ke
BeJIeT ceOsi 0Cch TUPOCKoIa B 001memM ciydae npu nojete no JIOIT npousBoibHOM
dbopwmnl (puc. 5.32)?

Kakyto Ob1 dopmy Hu umena JIDII, ee MOxKHO pa30OUTh HA OECKOHEUHO
0OJIbIIIOE KOJUYECTBO OTPE3KOB OECKOHEUHO Majol niuHbl. Kaxaeiii Takoi
OTPE30K MOXKHO CMEJIO CUMTaTh OpTOApoMHEeil. Benb ueM kopoye oTpe30K Kakou-
TO KPUBOM, TeM OOJbIIIE OH MOXO0X Ha MpsMyI0 (Ha chepe — Ha OPTOJPOMHUI0). A
€CJIM OTPE30K OECKOHEUHO MAJIbIi, TO OH U €CTh OPTOAPOMHUSI.

Ao A

Puc. 5.32. Yxon rupockona npu nosiere no JIOIT npousBonbHON HOpMBI

JIns KaxIoro M3 TakuX OECKOHEYHO MAaJIbIX OTPE3KOB BBIMOJHACTCS
CBOMCTBO OPTOAPOMUYHOCTHU TMPOCKOIIA — OH COCTABJISIET C HEW MOCTOSTHHBINA YOI,
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HO PAa3JMYHBIA JUIsI KaKIOTO OTpe3ka. Ha kaxaoM W3 TakuxX OTPE3KOB OCh
TUPOCKOIA U3MEHUT CBOE TMOJOKEHHE MO OTHOUIEHUIO K UCTUHHOMY MEpPHUIUAHY
Ha BEJMYMHY YIJIa CXOXKICHUS MEPHUIMAHOB HA 3TOM OTPE3KE TOXE OECKOHEUHO
Manyro. Kak mpuHsATO B BBICIIEH MareMaThKe, 0003HAYMM OECKOHEUHO MaJible
BEJIMYMHBI KaK JudpepeHIab:

dA — 6eCKOHEYHO MaJiasi pa3HOCTh JOJITOT Ha OTPE3KE;

do., — 0ECKOHEUHO MaJIO€ U3MEHEHHE YIJIa CXOXK/ICHUS MEPUINAHOB.

Tornaa B cooTBeTcTBUU C PopMyIoif (2.4) MOKHO 3amucaTh:

do.. = dA sin g, (5.4)

r€ (@ — MKPOTA, Ha KOTOPOM PAaCIOJIOKEH JTaHHBI OECKOHEYHO Majblil OTPE30K
JIDIL

Ha Takyio BelIMYMHY U U3MEHUT OCh THPOCKOIA (OMOPHBIA MEpHINaH) CBOM
yroJl C UICTUHHBIM MEPHUJIMAaHOM Ha JJaHHOM oTpeske (puc. 5.33). EcrecTBeHHO, Ha
CTOJIBKO K€ W3MEHUTCS PAa3HOCTh MEXKAY HCTUHHBIM U OPTOAPOMUYECKUM
KypCaMH.

A A+dA

Puc. 5.33. Yxoa rupockorna Ha 0eckoHedHO MajioM oTpeske JIDII

UroObl HallTH OTKJIOHEHHE Ha mnpoTsikeHun Beed JIDIL,  HyxHO
MIPOCYMMHUPOBATh OTKJIOHEHHUSI HAa KaXIOM M3 TaKUX OTPe3KoB. Kakmpiii oTpe3ok
OECKOHEUYHO MaJl, HO U OTpe3KOB OeckoHeyHO MHoro. Kak wu3BecTHO U3
MaTE€MaTHKH, OINPEICICHHBIA HHTETpall — 3TO CyMMa OECKOHEYHO OOJIBIIOTO
KOJIMYeCcTBa OECKOHEUYHO MaslbIX ciiaraembix. CremoBatenbHO, hopmyny (5.4)
HEOOXO0IMMO MTPOUHTETPUPOBATH 110 JIOJITOTE OT Aq (IOJATOTHI HAYAILHOW TOYKH) JI0
A2 (monroTel koHeUHOM TOUukH JIDIT).

[Toce uHTETPUPOBAHUS TTOTYUUM:

A
Ay = jsin pdA, (5.5)
Zh

rae Ay — BeIMYMHA M3MEHEHMs] a3MMYTajlbHOW NOmpaBKku (yria MEXAY OChIO
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TUPOCKOIIA U UICTUHHBIM MEPHUJIMAHOM) MPHU MOJIETE 10 Bcel npon3BosibHON JIDII.

Ou4eBHIHO, YTO HA CTOJBKO K€ U3MEHUTCA PA3HOCTh MEXAY MCTHUHHBIM U
OPTOAPOMHYECKAM KypCaMH, BEJb 3TO U €CTh a3UMyTalbHas IMOIMPaBKa, MO3TOMY
JTaHHasl BeTMYMHA U 0003HAYeHa KaK Pa3HOCTh KyPCOB Y .

BoriHecTu cuHyc mMpoTHl 3a 3HaK MHTerpaiga B dopmysne (5.5) Hembss,
MOCKOJIbKY B 3TOH (dopmyie mupoTa ¢ Tekymed touku JIOII He koHcTaHTa, a
nepeMeHHass BenuuuHa. Ha kaxaom MmepuanaHe OHAa pasjidyHa M 3aBHCUT OT
JIOJITOTHl MEpUJIMaHa, SBISACH €€ (PyHKIMe. DTa 3aBUCUMOCTh ((A) U SIBIsETCA
ypaBHeHueM, onucbiBalomuM JIOII B cdepuueckoil cucteme KOOpIMHAT,
aHAJIOTMYHO TOMY, Kak QyHKOus Y(X) OIHKCBIBAET HEKOTOPYIO KpPHBYIO B
MPSIMOYTOJILHOW CUCTEME KOOpAUHAT.

ITockonbKy peub HAET O TOJIETE IO MNPOU3BOJIBHON TPACKTOPUHU, TO
3aBUCUMOCTh ((A), KOHEYHO, BOBCE HE OMNMUCHIBACTCS KAKOW-TO OINpE/IeICHHON
dbopmynoii. IlosTtomy u mnpouHterpupoBath (opmyny (5.5) aHaAIUTHYECKU B
o0IIeM ciydyae HEBO3MOXKHO. A ISl KaXKJIOW KOHKPETHOW TPAeKTOPHH, TO €CTh
3aBUCUMOCTH ((A), BeTW4YMHY Ay MOXXHO paccuuTaTh, HalpuUMEp, METOJaMH
YUCJIEHHOTO UHTETPUPOBAHUS.

N3 dhopmynsl (5.5) MOXKHO clenaTh BaXKHBIM M MHTEPECHBIH BBIBOJ: )YX00
2UPOCKONA Om Mepuouana, a 3HAYum u e20 NOJ0dHCeHUe 68 KOHYe MpaeKxmopul,
3a8ucum He MojibKO Om KOOPOUHAM HAYAIbHOU U KoHeuHou moyek JIDII, no u om
camou ¢hopmvl mpaekmopuu, N0 KOMopoul 1emesl Camoient.

Hanpumep, ecnu B Touke A BBICTaBUTh OCh THPOCKOIA MO HCTUHHOMY
MEpUIMaHy 3TOW TOYKU U MPOJIETETh B TOUKY b MO JABYM pasHbIM MapiipyTam, TO
OCh THUpOCKOmNa OyAeT HampaBlieHa B TOYke b mo-pasHOoMy. OTOT BBIBOJ
pPa3BEHUYMBACT OBITYIOIIME B HEKOTOPHIX YYEOHHKAX YIPOIICHHBIC YTBEPKIACHUS
TUMA «OCh THUPOCKOMA COXPAaHSAET HAMpPABJICHUE OIOPHOIO MEpUJIUAHA» U
MOKA3bIBAET HEJONMYCTUMOCTh BBIPQXKEHUN BHJA «(IEPEHECEM HaIpaBJCHUE
HUCTUHHOTO MEpHJMaHa B JaHHOW TOYKE MapaiebHO camMoMy cebe BO BTOPYIO
Touky». [la, mepemeleHne ocu THUPOCKOMA IO TMOBEPXHOCTU C(hEphl MOXKHO
paccMaTpHBaTh Kak MEPEHOC BEKTOpa MapajuiesibHo camomy cebe. Ho 3To Tosipko
Ha TUIOCKOCTH KOHEYHOE MOJIOKEHHE TaKOro BEKTOpa OyAeT OAHUM M TEM 3Ke, TO0
KaKkoMy TyTH ero Hu nepeHocu. Ha cdepe xe mosoxeHue BekTopa (HarmpaBieHHE
ocu rupockona) OyaeT sagucemsb om opmbl MpaeKmopuu, no Komopou oH Obvil
nepeHecen.

KoneuHo, 3T0 He Kakasi-TO 0COOEHHOCTh UMEHHO THPOCKOIAa. ITO CBOMCTBO
MOBEPXHOCTU cdephbl, KOTOPOE JOKa3bIBA€TCSI B TaKOM pasjelie BbICIIEH
MaTEeMaTUKH KakK TuddepeHnranbHas reoMeTpHsl.

Takum o00pa3oMm, OCb THpPOCKONA BOBCE HE COXpaHSET, KaK 3TO s
MPOCTOTHl TPHUHITO CUMUTaTh, HAIpaBIICHHWE MEpPUIUaHa, IO KOTOPOMY OHa
BBICTaBJIEHA. JTa OCh MPOCTO BEACT CeOsI B COOTBETCTBUHU C 3aKOHAMHU (PU3UKH U
reOMETPUH, a MUMEHHO TaK, Kak TpeOyeT CBOWCTBO OPTOAPOMUYHOCTA U Kak
omuchiBaeT ¢Gopmyna (5.5). YOenuTscs B 3TOM MOXKHO TMPOCTHIM MBICJIECHHBIM
HKCIIEPUMEHTOM C TiI00ycoMm (puc.5.34).



1r=90°
Puc. 5.34. IloneT 1o 3aMKHyTOMY MapuipyTy

JlomycTuM, TIOJNET HAYMHAETCd M3 TOYKH IIEPECEUEHUs DKBaToOpa C
['punBruckuM MepuauanoM (=0, A=0). Ock rupockona BbICTABUM IO HCTHHHOMY
MepHUAMaHy, TO €CTb Ha ceBep. IIycTh caMoseT JIETUT MPSAMO K CEBEPHOMY MOJIOCY.
O4eBUIHO, YTO Yroa CXOXKIACHUS MEPUIMAHOB Ha ITOM YYacTKE PABEH HYIIIO,
MOCKOJIBKY Pa3HOCTb JOJITOT paBHA HYJI0. [103TOMY 0Ch THpOCKOIa Mo NPUOBITUH
Ha IOJIFOC TaK M OCTAHETCSI HAIIPABJICHHOM I10 3TOMY K€ MepuauaHy. PazBepHemcs
Ha 90° n nanee moJIeT MPOJODKUM K 3KBAaTOPY, HO YK€ MO0 MEPUIHAHY C TOJITOTON
A =90°. B Hauane 3TOro yyactka ocb THPOCKOIIa COCTaBJIsIa C 3TUM MEPUAMAHOM
yroa 90° u OH COXpaHMUTCS TaKUM JI0 IIPWIETa HA 3KBaTtop. B 3Toi TOuke OHa
OyZeT HalpaBJieHa [0 SKBAaTOPY Ha BOCTOK. 3aT€M MOJIETUM IO 3KBATOPY B TOUKY,
U3 KOTOpou mosier ObuT HayaT. Ha 3ToM ydacTke yroa CXOXIEeHHs MEepUIUaHOB
TO>KE paBEH HYJIIO, TOCKOJIbKY paBHA HYJIIO CpeHss IUpoTa yyacTka. [1o nmpuiere
B HAYAJIbHYIO TOYKY Mbl YBHJIUM, UTO OCh TUPOCKOIA HalpaBjeHa Mo SKBaTopy Ha
BOCTOK, XOTSl B HayaJie MoJieTa oHa ObLIa HampaBlieHa Ha CEBEP, TO €CTh, UTO OHA
noBepHyiack Ha 90°. Bor Tak och rupockona «CoxpaHser» (B KaBbIYKaX)
HaIlpaBJICHUE MEPHUINAHA BBICTABKH. . .

MOXHO NPHUBECTH TE€OMETPUYECKYH) HWHTEPHPETALHIO BEIMYMHBI YXO0Ja
TMPOCKOIIA OT UCTUHHOTO MEPHJIMAHA IIPH IOJIETE 110 IMPOU3BOJIBHON TPAEKTOPUHU.
OTa MHTepIpeTanuss MOXET OKa3aTbCsA IOJE3HOM JUIsi KAa4EeCTBEHHOIO aHaJIu3a
CUTYallMM, TO €CTh PELICHHs] BOIIPOCOB O TOM, B KaKylK CTOPOHY YILEJ T'MPOCKOI,
Ha OOJIBIIYIO MM MEHBIIIYIO BEIUUUHY U T.JI.

[Ipeanonoxxkum, uro B Touke A  (puc. 5.35) och TrHpockomna Obuia
BBICTABJIEHA 110 ICTUHHOMY Mepuauany 3tor Touku. Korma BC nmo nmpoun3BosibHOM
TPaeKTOpHUM TEPEIETUT B TOUKY B, och rupockomna yxe He OyIeT coBmaaarh ¢
VMCTUHHBIM MEPUJIMAHOM ITOU TOUKH.

Moowcno noxazame mamemamuyecku, 4mo GeIUYUHA OMKIOHEHUs 0yoem
NPONOPYUOHATbHA NAOWAOU 3EMHOU Cc@epbl, O0SPAHUYEHHOU MEPUOUAHAMU
HayanvHou u Koueunou mouex (AC u BD ), osxeamopom (CD) u iaunuei
Gaxmuuecxkoeo nymu(AB). To ecTh, ueM OOJbIIE 3Ta IUIOMAAb, TEM Ha OOJBIINI
yToJ OCh TUPOCKOIIA OTKJIOHUTCS] OT UICTUHHOTO MEPUIHAHA.
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Puc. 5.35. 'eomeTpudeckass ”HTEpIpETaUs BEIMYUHBI YX0/1a TUPOCKOIIA

Hanpumep, (cm. puc. 5.35) npu nosere o JIDPII, o6o3naueHHOM mudpoii 1,
yXxoJ rupockomna oyaet Oosnbiie, ueM 1o JIDIL, . o6o3HauenHoi mudpoii 2. A npu
noyiere mo opToapoMuu (0003HAUE€HA HA PHUCYHKE IYHKTHPOM) — OyneT Mo
BEJIMYMHE MPOMEKYTOUYHBIM MeXay | u 2 U, Kak cileayeT U3 MPeablIyIInX
naparpadoB, KOJMYECTBEHHO PaBHBIM YIIIy CXOXICHUS MEPUAMAHOB MEXKIY
toukamu A u B.

Ecnu xoneunast Touka B mapmipyra Haxoawiach Obl 3amajgHee Touku A, a
HE BOCTOYHEE, KaK II0Ka3aHO Ha PHUCYHKE, TO BEJIMYMHA YyXOJa uMena Obl
OTPHULIATENIBHBIN 3HAK, TO €CTh THPOCKOM yIIea Obl B MPOTUBOMOJIOKHYIO CTOPOHY
(BJI€BO, K 3amajy OT MEpUINAHA).

Otcrosia Takke CleayeT, YTo MpHU MOoJIETe MO 3aMKHYTOMY MapuipyTy OCh
TUPOCKOIA HE BEPHETCS B MPEXKHEE MOJOKEHUE, KOTOPOE OHA 3aHMMAaja B Hayaje
noseta. Jlomyctum, BeinoiHsuics nosieT u3 A B B o tpaektopuu 1 (cm. puc. 5.35),
a oopatHo uz B B A mo Tpaektopuu 2. Torma npu nosiere B B ock rupockona
OTKJIOHUTCSI BOpPaBO (K BOCTOKY) Ha YroJ, MPOMOPIUOHATBHBIN TIJIOMIAINA MO
KpuBOH 1, a mpu mosieTe B 0OpaTHOM HaIpaBJICHUU OTKJIOHUTCS BJIEBO (K 3amaiy)
Ha MEHBIIMI YroJ, MOCKOJIbKY IUIONIaAb MOJA KpHBOM 2 MeHble. B pe3ynbTare,
Ipy BO3BpAIlCHUM B TOYKY A  OCh THUPOCKONA HE COBMAJET C HCTUHHBIM
MEpHUANAHOM, Kak ObUIO B Hadasie TOJIETa, a OKAKETCS OTKIOHEHHOW BIIPaBO OT
HETO.

Takxe W3 NPUBEICHHOW MHTEPHPETALMU SICHO, TOYEMY MPH MOJETE CTPOro
0 MEpUJUaHy WM 3KBATOPY OCh THPOCKONA COXPAHUT CBOE HAIpaBJICHHE
OTHOCHUTEJILHO TEKYIIEro Mepuanana. Benp miomaas moj TaKUMU TPAaCKTOPUSIMHU
paBHa HyJO. Pazymeercs, Tak ¥ 10KHO ObITh. Benb U MepuanaHbl, U 9KBaTOp —
opronpomuu. Ilpu monere Mo OPTOAPOMUU YXOA PABEH YIIy CXOXKICHUS
MEpPHUANAHOB, a OH B 3TUX CJIy4asiX paBeH HYIIO.

Baxxno oOpatuth BHMMaHuWE Ha cleayroumid uHTepecHbll (akt. Och
TUPOCKOIA «HE 3HAeT» KaKyl CHCTeMYy Cc(epuyeckux KOOpAMHAT (CETKY
MEpHUANAHOB W TMapajuiesiell) Mbl ucnosibdyem Ha cdepe. Kak ormeuanocs B 1. 2.6,
Ha cdepe MOXHO BBECTH MHOXECTBO C(HEPUYECKUX CHUCTEM KOOPJWHAT,
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OTJIMYAIOIIMNXCS PACIIOJIOKEHUEM HX IIOJIOCOB, JKBAaTopa M T.I. Takue KOCbIe
chepuyecKkue CUCTEMbl KOOPJIMHAT B HABUTAIIMM HA3bIBAIOT OPTOJIPOMHYECKUMHU.
Bce atu chepudeckue cUCTEMbl COBEPIIEHHO PAaBHOMPABHBI, U B JIO00N M3 HHUX
NpUBEJCHHAs T€OMETpUYecKass MHTeprpeTanus Oyner crhpasemivBa. JlomycTum,
MbI UCIOJIb3YEM TaKyl0 YCIOBHYIO CUCTEMY CHEpPUUYECKUX KOOPJIUHAT, B KOTOPOI
YCJIOBHBIN SKBaTOp HampamieH HpsMo o oproapomuueckor JI3IL. Torma mpu
MoJieTe 1O HEeW THUPOCKON He OyIeT YXOAUTh OT HAaNpPaBJICHHUS YCIOBHBIX
MEPHUJUAHOB 3TOM CHUCTEMBI — BEJb IOJIET BBIMOJHAETCS IO 3KBATOPY Y IUIOMIA/Ib
Mexay JIDII u 3TuM yCIIOBHBIM 3KBATOPOM paBHA HYJIIO.

5.12. ITorpemHOCTH THPOCKOMUYECKHX KYPCOBBIX NPHUOOPOB

Hozpewinocms. Iloa NOTPEIIHOCTHIO U3MEPEHUS KaKOW-TMOO BEIWYHHBI
MOHUMAETCSl Pa3HOCTh MEXIY H3MEPEHHBIM U (PAaKTUUECKUM 3HAYCHHEM 3TOM
BenUWYMHBL. V3MepeHHOe 3HaueHue — 3TO TO, UYTO MOoKas3biBaeT mpubop. Ho uro
noHUMaTh 1o paktuueckuM? Buaumo, 3To TO, 4YTO MBI XOTUM U3MEPUTh, TO €CTh
MOJIYYUTh C TTOMOIIBIO JTaHHOTO Tipubopa. Ho Torna, B 3aBUCUMOCTH OT TOTO, UTO
MBI XOTUM TIOJIyYUTb, U TIOTPEITHOCTH Oy/I€T UMETh Pa3HYIO BEIIMUUHY.

Ecnu, nanpumep, 4Yachl YCTaHOBJIEHBI IO TPUHBUYCKOMY BPEMEHH, TO
MOTPEIIHOCTh OMNpPEJEIEHUS C WX IOMOIIBI0O 3TOT0 BPEMEHH OYyIeT 3aBUCETh
TOJIKO OT Ka4€CTBA YaCOB — HACKOJIBKO OHM CIIECHIAT WM OTCTaloT. Ho eciu oHn
YCTAHOBJICHbl 110 TPUHBUYCKOMY BpPEMEHH, a MbI 3aXOTUM C HX IOMOIIbIO
OMPENICIUTh MOCKOBCKOE JIETHEE BpEMs, TO MOTPEUIHOCTh (Pa3HOCTb MEXIY
MOKAa3aHUSIMU YacOB U (DAKTUYECKUM MOCKOBCKUM BPEMEHEM) COCTABUT MPUMEPHO
MUHYC 4 Yaca («IIpUMEPHO» MTOTOMY, YTO CaMU Yachl MOXKET ObITh UIyT HETOYHO).

[TosToMy, TOBOpsI O TOTPEHIHOCTAX THUPOCKOMUYECKUX KOMIACOB,
HEOOXOJMMO OIPENEIUThCSH, a KaKoWh, COOCTBEHHO, KypC MBI XOTUM C HX
MOMOIIBI0 U3MEPUTH? ECIM MCTHUHHBIN Kypc, TO €CTh U3MEPEHHBIN OT CEBEPHOIO
HaIpaBJICHUS] TEKYIIETO MCTUHHOTO MEPHIMAHA, TO MOTPEUTHOCTh MOXKET OBITh
oueHb Oonbinol. Benp Kak TOKa3aHO paHee, OCh TUPOCKOMA YXOAWUT OT
HaIpaBJIeHUs] UICTUHHOTO MepuanaHa. Ecinu mMbl XoTeau Obl U3MEPUTh MarHUTHBIH
KypC, TO TOTPENIHOCTh, CKOpee BCEro, ObuIa Obl eiie OoJibllie — BEIh MEHSIETCA
MAarHUTHOE CKJIOHEHUE, & THPOCKOIT 3TOr0 COBCEM HE YUUTHIBACT.

Ha camom pnene HUKTO, KOHEYHO, HE COOMpAETCs UCIOJIb30BaTh
TUPOIOIYKOMITAC JIJII HEMOCPEJICTBEHHOTO OTCYeTa MCTUHHOIO M MarHUTHOTO
KypcoB. OH mnpeaHa3HayeH 4 M3MEPEHHUS OPTOAPOMHYECKOTO  Kypca,
OTCUUTHIBAEMOTO OT OIMOPHOTO MEpHUANaHa, KOTOPbIM (U3UYECKH SBISETCS OCh
rupockona. KoHeuHo, uMeeTcsi B BUY UACaTbHBIN THPOCKOI, KOTOPBIN BEACT ceOs
B TIOJIJHOM COOTBETCTBUU C 3aKOHAMM (DM3MKU TaK, KaK yke ObUIO pacCMOTPEHO.
Taxkum o6pazom, 1os (HaKTHUIECKUM KypCOM, KOTOPBIM MBI XOTHM OIPEACIUTh C
nomombio ['TIK, nmoHnmaercs Kypc, OTCUMTaHHBIA OT OCH UJICAIBHOIO THPOCKOIIA
(oprogpoMuueckuid Kypc). A eclid Ha caMOM Jejl€ MO KakKUM-TO NpUYMHAM
TUPOIOTYKOMIIAC MOKA3bIBAE€T APYroe 3HAY€HUE, TO MX PA3HOCTh — 3TO U €CTh
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HNOTPENIHOCTh KOMIIaca.

Kaxnaplii munoT OOJDKEH 3HaTh, KAaKWE€ BHUJAbI MOTPEHIHOCTEH H3MEpPEHMS
Kypca UMEET THUPOCKOIMUYECKUH KypCOBOM MpUOOp, KAKUMHU MPUYMHAMHU OHH
BBI3BIBAIOTCS, KAKOW BEJTMYMHBI MOTYT JOCTUTATh.

[TorpemHOCTH MOTYT BBI3BIBATBCS Pa3HbIMU INpUYMHAMHU. PaccMoTpum
OCHOBHBIE U3 HUX.

Memoouueckaa  nozpewnocmv  u3z-3a  omkiaonenus JIOII om
opmoopomuu. ] BBITOJHEHHS MOJETOB C MCIOJIb30BAHUEM THMPOCKOIMUYECKUX
KYPCOBBIX NPUOOPOB HEOOXOJUMO 3HATh OPTOAPOMUYECKHE 3aJaHHBIE ITyTEBbIE
yrael (O3I1Y) kaxgoro yyacTka MapuipyTa, TO €CTh 3aJaHHbIE HAINpPaBICHUS
N0JIETa, W3MEPEHHBbIE OT OnopHOoro mepuauana. s onpegenenus O3ITY
UCTIONIB3YIOTCSl a3UMYyTallbHbIE TMOMPABKH, paccuUThiBaeMble 1o ¢dopmynam (5.2,
5.3). Ho T dopmyiel BeIBEICHBI 15 ciry4asi, Korna BC BBITIONHSET MOJET CTPOTO
[0 OPTOJAPOMHUHU U3 TOUYKU HAYAIBHOM BBICTABKU TMPOCKONA B TOUKY, JJI1 KOTOPOU
paccuuThIBacTCS asMMyTajbHas mnompaBka. IloaToMy cama meTonuka pacuera
NYTEBBIX YIVIOB KakK Obl MOJAPAa3yMEBAET, YTO MOJET OyAET BBINOJHATHCS UMEHHO
110 OPTOJPOMMH.

Tako#l moaxoa B IMPHUHIMIIE OMpaBAaH, MOCKOJbKY KaxJbld ydacTtok JI3II
npejacTaBisier coboil oprompomuto. Ho naxke Ha OTAENBHO B3STOM YYacTKe
mapuipyra BC Hukorma He JeTUT TOYHO Mo opTtogpomuu (puc. 5.36, a).
Heuns0exubl ciydaitnble oTkiaoHeHus oT JI3II, KoTOpble SKHUMAaX CTPEMUTCS
yCTpaHiTh. Takum o00pa3oMm, pacyeT NYTEBbIX YIVIOB MPOU3BEIECH B
MPEANOJI0KEHNH, YTO OChb THPOCKONA OyAeT BECTH ce0s TaK, KAK IMOJOKEHO MpPH
nosete 1o oproapomuu (JI3II), a dhakTuyecku caMojeT JETUT MO MPOU3BOJIBLHOM
JI®II u Bener cebs no-gpyromy. [Ipu nonere touno no JI3II ock rupockona yiuia
Obl Ha YroJl CXOXIAEHHUS MEPHIMAHOB Ha JAHHOM YYacTKe, a (PaKTHUYEeCKH OHa
yIIET Ha IPYroi yroja. OTO BBI30BET MOIPEIIHOCTh B U3MEPEHHOM KYpCE, TO €CTh
pa3HOCTh MEXIy TEM, UYTO IOKa3blBaeT MpuOOp, U TEM, YTO OH, MO HaIEMy
MHEHUIO, TOJKEH MTOKA3bIBATh.

a ) non
nan

6)

e o ——

L

Puc. 5.36. Otknonenue JI®IT ot oproapoMun

HerpynHo coo6pa3uth, 4TO 3Ta MOTPEUTHOCTh MPONMOPIUOHATBHA TUIOIIAIN
mexay JI3II u JIDII, kortopasi ABIsieTCS Pa3sHOCTBHIO IUIOMIAZEH OT HKBATOpa 10
JIBIT u go JI®IL Ilpu 3ToM Ta 4acTh IUIOWIA[HM, KOTOpAs HAXOAUTCS CIpaBa OT
JI3II, cumTaeTcs MOJIOKUTEIIBHOM, a cjieBa — OTpHIaTeabHON. J[ake 6e3 pacueToB
MOKHO TOHATH, YTO ATa IJIOMIAJh U, CIEAOBATEIIbHO, MOTPEITHOCTh Kypca OyaeT
HeOounbioi. Benp o6bruHo BC He ykionsiercs naneko ot JI3II, ma k Tomy xe
«TOJIOKUTEIBHBIE» IUIOMAAM B OOJBIIEH CBOEH 4YacTh KOMIIEHCHUPYIOTCS



157

«OTPHULATEIbHBIMIY TUIOMIASIMH, MTOCKOJIBKY CAMOJIET YKIIOHSETCS TO BIPaBO, TO
BJIEBO.

Hpyras cutyanus BO3HUKAeT HU3-3a TOTO, YTO MAapHIPyT COCTOMUT U3
HECKOJIBKMX OPTOJIPOMHYECKUX Y4YaCTKOB, KOTOpPHIE MOTYT JI€KaTh JOBOJIBHO
JATIeKO OT TJIAaBHOW OPTOAPOMHUH, COCIUHSIONICH HampsIMyI0 TOYKY HadallbHON
BBICTABKM THPOCKONA U TOYKY, JJIsI KOTOPOM pacCUMTHIBACTCS a3uMyTaibHas
nonpaska (puc. 5.36, 0). U ecnu npu onpenieeHuU a3UMyTaaIbHON MOMPABKU YO
CXOKJICHHUSI MEPUMAHOB PACCUUTHIBACTCS KaK Pa3HOCTh JIOJITOT, YMHOXKEHHAsI Ha
CUHYC CpEJHEN IIUPOTHI, TO 3TO OyAET MPaBUIbHBIM TOJHLKO B TOM CIIydae, €CIIU
MOJIET BBIMOJHSACTCS MO Takoil rimaBHOM opTtonpomuu. Ha camom xe nene BC
BbITIOHSET TosieT mo JIDIT , 6nuskoit k JI3II Bcex ydacTkoB Mapuipyta, a OHU
MOTYT JeXaTh JaJeKO OT TJIABHOM oOpToApoMHH. BO3HUKHET NOTPEIHOCTh
OMpEeNIeNICHUs] OPTOJAPOMUUYECKOTO Kypca, MPOMOPIMOHANIbHASA IUIONIAAN MEXKIY
IJIaBHOW OPTOJIPOMHEN M MapHipyToM. A 3Ta IUIOHIAJb MOXET OBITh OYEHb
OOJIBIIION.

Hackonbko O0mbIIoi MOXET OBITh MOTpemIHOCTh Ay Kypca 3a cyYer
orkioHeHuss JIDII or oproapomun? MOXHO MOKazaTh, YTO OHA HE MPEBBICUT
3HAYECHUS

AVma=1,410° S X, (5.6)
1€ AYmax - A3MEPSIETCS B Tpagycax;

S — uIMHA TTIaBHOM OPTOAPOMUH, KM,
X — nau6oubiiee otkionenue JIOII ot oproapomuu, km (puc.5.37).

Puc. 5.37. MakcuMalibHOE OTKJIOHEHUE OT OPTOIPOMUHA

PaccMoTpum HEKOTOpBIE MPUMEPHI pacyeTa Mo 3Toi hopMmyIie.

1. ITycts S=300 kM, X=5 kM. ITOT nMpuUMep COOTBETCTBYET CIy4aro MojieTa
Ha OJHOM Y4YacTKe MapuipyTa, KOrja u3-3a MorpemHocteil Hasuramuu BC
otkionsercs ot JI3II He Gompine, yeM Ha MOJIOBUHY IIIMPUHBI TPACCHI.

Pacuer mo dopmyne mgaet Ayma=0,002°. 3TO COBEpIIEHHO MH3EpHAs
BEJIMYMHA IO CPABHECHUIO C WHCTPYMEHTAJIbHBIMM MOTPEIIHOCTAMHU KOMIIACOB,
KOTOPBIC UMEIOT MOPAIOK 1°, TOATOMY €€ MOXKHO HE YUYUTHIBATh U CUUTATh, UTO HA
OTAEJBHOM Y4YaCTKE MaplIpyTa NOTPEIIHOCTh HE BOZHUKAET.

2. Ilycte S=2000 kM, X=200 kM. DTOT IpUMEP COOTBETCTBYET IMOJETY IO
MapupyTy aiauHou nopsaaka 2000 kM, COCTOSIIEMY M3 HECKOJBKHX Y4YacCTKOB,
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KOTOPBIE MOT'YT JIEXKATh B CTOPOHE OT IIaBHOW OPTOJAPOMHH HA paccTossHuM 10 200
kM. B 3TOM ciiydae npu pacuere moaydydM MPUMEPHO AYna=0,6°. IT0 ToXe He
CTOJIb OOJbIIasi, HO YK€ 3aMeTHasi MOTPEIIHOCTh, OCOOEHHO €CIU YYECTh, UTO
3aJlaHHbIE TYTEBBIE YIJIBI B HEKOTOPBIX CIydasx TpeOyeTcs pacCUUTHIBATH C
TOYHOCTHKIO J10 0,1°.

3. Ilycte S=7000 kM, X=500 kM. Cutyanus, COOTBETCTBYIOIIAs 3TUM
MCXOJIHBIM JIAaHHBIM, MOKET UMETh MECTO B CIy4yae, KOT/1a MPOTSIKEHHBIN MapIpyT
IPOJIOKEH JAJEKO OT TJITABHOM OPTOAPOMHH, HAPUMEP, YTOOBI OH MPOXOAMII HaJ
CyIlIE€H, a HE OKEAHOM, WJIM HAJl pAlOHAMH C XOPOIIMM OCHAIICHUEM HA3€MHBIMU
paauoMaskamMu. B nanHoM npumepe Ayma=4,9°. OTO yke O4eHb CyIIeCTBEHHAas
HOTPEIIHOCTb.

W3 npuBeneHHBIX NPUMEPOB BUIHO, YTO paccMaTpuBaeMas METOJUYecKas
MOTPENIHOCTh MOYKET MMETh CYIIECTBEHHYIO BEJIMYMHY TOJBKO B Cllydae, Korja
MapumpyT MNPOJIOKEH BAAIM OT TJIABHOW oOpTojapomuu, coemunsaromen HMIIM u
KIIM no kpatyaiiieMy paccTosiHUIO. Takue CUTyally HHOTIa UMEIOT MECTO.

YcTpaHuTh BIMSHHUE 3TOM MOTPEMIHOCTH HETpYAHO. IIpocTto mpu pacuere
OPTOAPOMHYECKUX 3aJlaHHBIX MYTEBBIX YTJIOB YTOJ CXOXKIEHUS MEPHIHAHOB,
KOTOPBIM  SIBJIIETCSI COCTABHOM YACThIO A3WMYTAJbHOW TOIMPABKH, HYKHO
paccyuThIBaTh HE MPOCTO IO PA3HOCTH JOJTOTHI OMOPHOTO MEpUJIMaHa Ay U
JOJITOTBI A TOYKH, IJii KOTOpOW paccuuthiBaeTca AA, a cymmuposamsv yeivi
CXOHCOEHUSL MEPUOUAHO8 OIS KAHCO020 YYACMKA, PACTIONIOKEHHOTO MEXKY dTUMU
ToukaMu. Benp Ha KaXXJOM Yy4yacTKE IIOJIET BBIIOJHIETCS NPAKTUYECKU 10
OpPTOAPOMHUH U METOJUYECKOMN MOTPEIIHOCTH HE OyAET.

Crnenyer nog4epKHYTh, YTO PACCMOTPEHHAsA METOANYECKAs TOTPEITHOCTh HE
CBA3aHA C KOHCTPYKIIMEH WM MOrPEIIHOCTIMU H3rOTOBJIEHUS KOHKPETHOTO
ruponosiykommnaca. OHa OyJeT oOAMHAKOBa [JIsi BCEX MNPUOOPOB, TMOCKOJIBKY
oOyCJIOBJIEHAa TPHUHIIMIIOM HX pPabOThl, a TaKXKE HCIOIb3YEeMBIMH (HOpMYyIaMH
pacueTa a3MMYTAIbHBIX MTOMPABOK.

Kapoannaa nozpewinocms. CBA3aHa C KOHCTPYKLIHMEN HEKOTOPBIX THIIOB
TUPOCKOMIMYECKUX KYpCOBBIX TpubOopoB. KappaHHas MmorpenrtHocTb BO3HHUKAET Y
takux npudopoB (Hanmpumep, ['TIK-52, 'MMK-1 1 HEKOTOPBIX APYTUX), Y KOTOPBIX
OCh BHEIIHEW paMKH KapJaHOBAa MOJBECA KECTKO CBSI3aHA C KOPITYCOM CaMOJIETa,
TO €CTh MpU KpeHEe camojieTa HakiIoHsercs BMecte ¢ HuM. [llkama mpubopa,
3aKperJIeHHAs Ha 3TOM OCH, TOXE HAXOJUTCS B HAKJIOHHOM IOJIOKEHUHU U TOITOMY
U3MEpSETCsS yroJl MEXAy OChbl0 rupockona (KoTopas Oyiaronapsi rOpHU30HTAIBHON
KOPPEKLUHU OCTAETCA B TOPU3OHTAIBLHOM IMOJOKEHUN) H MpoaosbHON ockio BC 6
npoeKyuu Ha HaKkIoHHyo niockocms. Ho Ha caMoM-To fene (pakTuyecKud Kypc —
3TO Y20l 6 2OpU3SOHMANbHOU HJIOCKOCMU, TI0O3TOMY OH HE COBIAJaeT C
U3MEpPEHHBIM. Pa3HOCTb 3TOr0 M3MEPEHHOr0 U (PAKTUYECKOrO0 KYypCOB U €CTh
KapJlaHHasi MOTrPeIIHOCTh. Ee BelWuYrMHa 3aBUCUT OT yIJla KpeHa W  3HAYCHUS
TUPOCKOMUYECKOTO Kypca, U3MEHSISICH 10 cuHycoue npu pazsopote BC Ha 360°.

Bosnbiioro 3HaueHus kapJaHHas MOTPENIHOCTh HA MPAKTUKE HE UMEET IO
CJIEAYIOIIUM TPUYNHAM.

Bo-nepBbix, npu TeX KpeHaX, KOTOPble UMEIOT MecTO Yy rpaxaanckux BC,



159

3Ta MOTPEIIHOCTh OOBIYHO HE MpeBbIIIaeT 2-3°.

Bo-BroperiX, B mnpsmMonuHeHOM moJjiete KpeHbl BC HeBenwku U
HEenpoaoJpKuTenbHbel. A korga BC BBIIONHSAET pa3sBOPOT C KPEHOM B TEUYEHHE
JUINTEIBHOTO BPEMEHH, CTOJIb MaJlasi BEJIMUMHA MOTPELIHOCTU HE UrpaeT OO0JIbIION
pOJIH, TMOCKOJBKY HEBO3MOXXHO M HE3a4e€M OTCUHUTBHIBATH KypC C TOYHOCTBIO [0
rpazayca, Korja oH HenpepbelBHO MeHseTcs. [locie BpIBOIa U3 KpeHa 110 OKOHYaHUU
pa3BOpOTa MOIPEIIHOCTh UCYE3AET, KOMIIAC BHOBB IIOKA3bIBAET IIPABUJIBLHBIN KYypC.

B-Tpetpux, B 0oJjiee COBPEMEHHBIX THMPOCKONMYECKHMX MpHOOpax och
BHEILIHEN pambl KapJaHOBa MOJBEcCAa HE CBsA3aHa kecTko ¢ kopmycoM BC. [laxe
IIpU KpEeHax OHa YACPKHUBACTCS B BEPTUKAIBHOM IIOJOKEHUM C THOMOIIBIO
CIEHHAJIBHBIX YCTPOMCTB. B 3TOM cCiydae KapJaHHas HOTPEIIHOCTb BOBCE
OTCYTCTBYET.

Bupasicnaa nocpewinocms. CBsizaHa ¢ KOHCTpYKIMEN MpUOOpa U BbI3BaHA
HaJIM4MEM B  COBPEMEHHBIX TI'MPOCKOIIMYECKMX  KOMIIAcaX  MEXaHM3Ma
rOpU30HTAIBHOW Koppekunu. Kak yxe oTmMedanoch, MEXaHU3M TOPU30HTAJIbHOM
KOppEKLIUK (HalpuMep, B BHJIE JKUIKOCTHOIO MAasiTHUKOBOI'O MEPEKIH0YATENs)
[IpeHa3Ha4YeH Ul YACP)KUBAHUS OCH TMPOCKONA B TOPU3OHTAIBHOM I10JIOKEHUU.
UyBCTBUTENIBHBIM 3JIEMEHT 3TOI0 MEXAHU3Ma pearupyeT Ha HalpaBJICHUE CHUIIbI
TSPKECTM — €CJIM OH PACIIONOKEH HE TOPU3OHTAIBHO, TO IIy3BIPEK BO3AyXa B
€MKOCTH CMEIIAETCs, 3aMbIKAaeT KOHTAKThl U JBUraTeNlb BO3BpAIIAET MEXaHU3M (U
OCh TMUPOCKOIAa) B TOPU30HTAIBLHOE MOJIOKEHHUE.

Ho ecnu BC HaxoauTtcst B pa3BopoTe, TO Ha HETO JEHCTBYET LEHTPOOEKHAs
CuJa, HaIpaBJICHHAs IO PaJWyCy pa3BOpOTa B CTOPOHY OT LEHTpa. JTa cuia
BEKTOPHO CKJIA[BIBACTCSI C CWJIOM TSDKECTH W HAIIPABIICHHE PE3YJIbTUPYIOLIETO
BEKTOpa (MHUMas BEPTHKAJIb) YXE€ OTKJIOHSETCS OT HACTOSALIEH BEPTUKAIBHON
nuHuAd. llepneHauKyIsspHO OSTOM MHUMOM BEPTHUKAIA NPOXOAUT MHHUMAs
TOpU3OHTAIbHAS IUIOCKOCTb. B 3TOM IIIIOCKOCTH MEXaHWU3M TOPHU30HTAJIbHOMN
KOPPEKLUHU U CTPEMUTCS yAECPKUBATH OCh TUPOCKOIIA.

JIeCTBUTENBHO, €CNIM €XaTh B IMOBOpPAYMBAIOIIEM aBTOMOOWIE, JepiKa B
pYKe Ipy3UK Ha HUTKE, JIETKO YOeAUTHCsI, YTO HANPABJIEHUE HUTH OTKJIOHUTCS OT
HACTOSIIIEH BEPTHKAIM B CTOPOHY, NPOTHUBONOJIOKHYIO CTOPOHE MOBOPOTA. IJTO
HaIlpaBJICHUE HUTU U €CTh MHHMasl BEPTUKAIb. TOYHO TaK XK€ pearupyer Ha
LHEHTPOOEKHYIO CUITY U KHUJIKOCTHOM MEPEKITI0YaTeNb.

Takum oOpa3zoM, ecnu B Hayaje pa3BoOpoTa OCbhb T'MpOCKona Obula, Kak U
MOJIOKEHO,  TOPU3OHTAIBHOM, TO B  MPOILECCE  pPa3BOpOTa  MEXaHU3M
TOPU3OHTAIBHON KOPPEKIUH OyneT MPUBOAUTH €€ K MHUMOU TOPU3OHTAIBHOU
IIJIOCKOCTH, TO €CTh BBIBOAUTH U3 INIOCKOCTH HACTOSIIEN ropu3zoHTanu. KoHedHo,
ATOT MOBOPOT MNPOUCXOAUT B BEPTUKAIBHOW IUIOCKOCTH. HO Beap camoner
pa3BopayMBaeTCcs, B KAXKJI0M TOUKE pa3BOpOTa LIEHTPOOEKHAs CUjla HalpaBJIeHA B
JIPYTyI0 CTPOHY, IO3TOMY HENPEPBIBHO MEHSETCS HANPABICHUE B IIPOCTPAHCTBE
MHUMOW BEPTUKAJIA M, COOTBETCTBEHHO, MHHUMOW TOPU3OHTAIBHOM IUIOCKOCTH.
OTa IJIOCKOCTh MOBOPAYMBAETCS B IPOLIECCE Pa3BOPOTa BOKPYI BEPTHKAJIBHOM
ocu. M3-3a 3TOro oChb THUPOCKONA, JBWXKYLIAACI B CTOPOHY MHHUMOM
TOPU30HTAJIBHONW IUIOCKOCTH, MOJy4aeT €lle U O0Kosoe epaujeHue 8 azumyme
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BOKpYT HacTosiieil BepTukaiu. CrieloBaTesibHO, OCh THPOCKOIA yXOJUT OT TOTO
HaIlpaBJICHUS] OMOPHOr0 MEPUAMAHA, KOTOPOE JOJKHA COXpaHATh. Bo3Hukaer
MOTPEIIHOCTh U3MEPEHUSI Kypca, KOTOpash M HAa3bIBACTCS BHUPAKHOW, MOCKOJIBKY
BO3HMKAET TOJILKO Ha BUpaxke (mpu pazsopore BC).

Yem ponpmie BC HaxoauTcss B pa3BopoTe, TEM Ha OOJIBIIYIO BEITUYUHY
yCIeeT YWTH OCh THPOCKOIIa OT NEPBOHAYAIBHOTO HampaBieHud. A camoe
MEeYaJbHOE TO, YTO TMOCJIE€ OKOHYAHUS pPa3BOpPOTAa HAKONMMUBILIASCS BUpPaXKHas
NOTPENIHOCTh HE ncye3aeT. B KakoM MON0KEHUHU MOcie pa3BopoTa OCh THPOCKONA
OKazajach, TAKO€ HAMpaBJICHUE W MPOAOIKAET COXpaHsaTh. KoHeuHO, OHO yke He
COBMNAJACT C BHIOPAHHBIM HAIIPABJICHUEM OTIOPHOTO MEPHIUAHA.

[ToHsATHO, YTO HAMMYKUE BUPAKHOU MOTPEITHOCTH CACIIATIO0 OBl TPAKTUYECKH
HEBO3MOXHBIM HCIIOJIb30BAaHUE TUPOCKOMUYECKUX KOMIIACOB, €CJIU HE MNPUHSTH
CreUaNIbHBIX Mep. Beap moneroB 0e3 pa3BOpOTOB HE OBIBAET, & OCh TMPOCKOIA Ha
KaKJIOM pa3BOPOTE yX0/ujia Obl HA HEU3BECTHYIO BEJIMUMHY.

JIns UCKIIOYEHUS BUPAXKHOM MOTPEIIHOCTH B KaXKJIOM COBPEMEHHOM
TUPOCKOMIMYECKOM KypcoBoM Tipubope, B ToM umucie u B [TIK-52, umeercs
8bIKIIOUAmMeENb KOppeKyuu. ITO YCTPOUCTBO, KOTOPOE pabOTAaeT aBTOMATUYECKU U
npeacTaBisger coOoi HEOONBIIOW TUPOCKOM C JABYMs CTENeHSIMH cBOOOnabl. C
MTOMOIIBI0 3TOTO TUPOCKONA OMPEAEISIETCS TOT MOMEHT BPEMEHHU, KOT/Ia YIJioBas
CKOPOCTb pPa3BOPOTa JIOCTUTAET OMpeleeHHOW BenuuuHbl (Hampumep, 0,3°/c).
Yepes HeckosbKO ceKyH[ (3...15 ¢) mocie 3Toro aBTOMAaTUYECKU IPEpPhIBACTCS
AIEKTpUYECKasl 1EMb MUTAHUS SJEKTPOJBUraTENIi MEXaHU3Ma TOPU30HTAJILHOU
Koppekiuu. OH mepecTaeT MPUBOJUTh OCh THPOCKONA K MHUMOW TOPU3OHTAIH.
Ochb TUpOCKONA OCTAETCsl MOJHOCTHIO CBOOOAHOM M COXpaHSET TO HAMpaBJICHUE,
KOTOpO€ TPU3BaHA COXPaHATh. 3aJ€P’KKa BBIKIIOUCHHS KOPPEKIUU CHEIUAIBLHO
BBEJICHA /I TOTO, YTOOBI KOPPEKIIUS OTKJIH0YAIach TOJBKO MPU YCTAHOBUBIIIEMCS
pa3BopoTe, a He MpU HEOOJBIIUX KOJIEOAHUAX camoJieTa WJIM TOJYKaX KOMIIaca.
[Io oxoHYaHMU pa3BOPOTa TOPU3OHTAIbHAS KOPPEKIUS BHOBb ABTOMATHYECKHU
BKJIIOYAETCS.

Coocmeennwtii yxo00 2upockona. Bce TepeyUCIEHHBIE  MOTPEIIHOCTH
TUPOCKOMTMYECKUX TMPUOOPOB OJUHAKOBHI JJISI BCEX KOMIIACOB C OJWHAKOBOM
koHcTpykuuen. Ecnu nocraButs Ha BC aBa ogunakoBbix ['TIK, To B mosiete y HUX
OyZeT OIWHAKOBA W METOJUYECKasl TMOTPEIIHOCTh 3a CUeT OTKJIOHEHHUS OT
OPTOAPOMHH, U KapAaHHas, U BUPAKHAS MOTPEUIHOCTU. TeM He MeHee, Ha caMOM
Jieie yXOJ 3THUX TMPOCKOIOB OT OMOPHOIO MepuauaHa OyAeT BCE K€ Pa3iIHyeH.
Jleno B TOM, YTO HU OJUH MPUOOP, B TOM YHCJIE U TUPOIOITYKOMIIAC, HEBO3MOKHO
U3TOTOBUTH a0COTIOTHO TOYHO. [10ATOMY HM OJMH peaibHBIM KypCOBOM T'HPOCKOI
HE SIBJISIETCS WJACATBHBIM W HE BeAeT cels Tak, KaKk Mbl OXKuJaeM. PeanbHbIN
TUPOCKON BCErjla MOCTENEHHO YXOJMUT OT HalpaBJICHUs, MO KOTOPOMY €ro
BbICTaBWIM. OCHOBHBIMHU TPUYMHAMH, BBI3BIBAIOIIUMU TaKOW YXOJ, SIBIAIOTCSA
CJIEIyIOLIHE.

1. Jlucbananc pomopa eupockona. HeBO3MOXHO TEXHUYECKH JTOOUTHCS
TOTO, YTOOBI OCh BpAIllEHWS POTOpPa THPOCKOIA MPOXOAMiIa abCONIOTHO TOYHO
4yepe3 ero IeHTp Macc. B 3Tom ciydae mpu BpamieHUM THPOCKONA ¢ OOIBIION
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CKOPOCTBIO BO3HHMKAIOT OMEHUs, CO3[A0OLINE MOMEHTBI CHJI, KOTOPBIE CTPEMSITCS
YBECTU OCh THPOCKOMNA OT 33/IaHHOTO HAIlpaBJICHUSI.

2. Tpenue 6 ocsix kapoanosa nooseca. Jlaxxe B NMPSAMOJIIMHEHHOM MoJieTe, HE
TOBOpSL YXE€ O pa3BopoTax, CaMoOJIET HECKOJIbKO U3MEHSET CBOE YIJIOBOE
MOJIOKEHUE B MPOCTPAHCTBE IO KpEHy, TaHraxy, Kypcy. Ilpum srtom pamku
KapJlaHOBa IIOJIBECA BBIHYXKJIEHBI TOBOPAYUBATHCS, UYTOOBI JaTh THUPOCKOILY
BO3MOXKHOCTh COXPAaHHMTh HampaBlieHue cBoeil ocu. Kakumu Obl XOpolIMMHU HE
ObUTM TOJIIUITHUKHN B OCSIX PaMOK Kap/JaHOBa MOJABECA, BCE PaBHO MPHU BPALCHUH
THUX OCEW BO3HUKAIOT CWIbl TpeHus. OHU TakXe CO3/al0T MOMEHTHI CHII,
3aCTABIISIFOIIUE OCh TUPOCKOIIA YXOAUTh OT 3aIaHHOTO HaIlPaBIICHUS.

3. Hemounocmb mexaumusma azumymanvHou Koppexyuu. MexaHU3M
aQ3UMYTaTbHOM KOPPEKIUH («IIMUPOTHBIA TMOTEHIIMOMETP») TMpPETHA3HAUCH IS
KOMITEHCAIIMHM yXOJia TUPOCKONa B a3UMYTE, BbI3BAHHOTO BpallleHHeM 3emMiu. (s
NpaBUIBLHOM KOMIIEHCAIIMM HAa I[IUPOTHOM TOTEHIIMOMETPE MWIOT JOJDKEeH
yCTaHaBJIMBATh 3HAYCHHE IIMPOTHI IMPOJIETAEMOW MECTHOCTU. B 3TOoM ciyuae
JIBUTATENIb TOTO MeXaHu3Ma OyAeT pa3BOpauyMBaTh OChb TMPOCKONA C TaKOW K€
CKOPOCTBbIO, C KaKOW OH yXOAUT 3a CYET BpallleHus 3eMid, HO B
IPOTUBOIOJIOKHYIO CTOPOHY. B pe3ynbpTaTe rupoCKOI YXOIUTh HE JTOJIKEH.

Ho mexanu3M a3umyTanbHON KOPPEKIMU TakKe HEBO3MOXKHO H3TOTOBUTH
abCONIOTHO TOYHO. JIBUrarenb MOXKET pa3BOpayuBaTh OCh THPOCKONA CO
CKOPOCTBIO HECKOJIBKO OOJIBIIEH WM MEHbIIEH, YeM TpeOyeTcs, U B pe3ysbTare
TUPOCKOI OyAeT yxoauThb. Takoil xe 3pQPexT mact HecBOEBpEMEHHAas yCTAHOBKA
IITUPOTHI TIPH €€ N3MCHCHHH.

VX0 TUPOCKOIIA, BBI3BAaHHBIA MEPEYNCICHHBIMUA MTPUYMHAMH, HA3bIBACTCS
CcOOCMBEHHBIM YX0O0OM, TIOCKOJIBKY €ro BEJIMYMHA W HANpaBJICHHE SBIISIFOTCS
pa3HbBIMM  JJII  K&XKJIOTO  KOHKPETHOrO  JK3eMIuiipa  npubopa.  ITo
WHCTPYMEHTAJIbHAS TOTPEITHOCTh JIaHHOTO KOoMIaca. Tak >ke Kak pa3udyHbIe
DK3EMIUISIPHl YacoB, JaKe OJHOW MapKu, CIHemaT WM OTCTAl0T Ha pa3HbIe
BEJIMYMHBI B TEUEHUE CYTOK, TaK W JIOOBIC JBAa THPOIOIYKOMIIaca, aKe OJHOTO
TUMA, OyyT UMETh Pa3IMYHBIN COOCTBEHHBIN YXO/I.

CKOpOCTh COOCTBEHHOTO YXOJla THPOCKOMA MPHHATO O0O3HAa4YaTh ®. U
U3MEPATH B rpajaycax B yac. Hampumep, ®.= 1°/4 o3HavaeT, 4TO 3a Kax bl yac
M0JIETa OCh TUPOCKOIIA OTKIIOHSETCSI OT HAINpaBJICHUS HAa4YalbHON BBICTaBKU Ha 1°
[Ipu yxoze BmpaBo (IO YaCOBOM CTPENIKE) YXOJ CUHUTAETCS IOJOKHUTEIbHBIM, a
BJIEBO — OTpHULATENbHBIM. Pazymeercs, mpu Takoll . yepe3 JBa yaca IoJiera
OTKJIOHEHME OCU TUPOCKOTA COCTaBUT yXKe 2° U T.A.

Boo061ie roBopsi, CKOpocTh COOCTBEHHOTO YX0/a M, JaXKe JJIs KOHKPETHOTO
KOMIIaca B II0JIETE HE OCTAETCs ITOCTOSHHON BEJIMYMHOW, a HECKOJIBKO U3MEHSETCS
cinydyaiiHbIM 00pa3om. Beaw, HanpuMmep, 3Booiuu BC  gBisitoTcs ciiydyaliHbIMU U
MOA3TOMY CJIy4aiiHa COCTAaBJISIOIIAs TIOTPEIIHOCTH, BhI3BAHHASI TPEHHUEM B OCSX
KapJaHOBa TI0JIBECA.

Ho, kax mpaBwio, BelIWYMHA ., UMEET TMOCTOSHHYIO COCTaBIISIONIYIO —
CPEIHIOI0 CKOpOoCTh yxoaa. OHa OOBIYHO BBI3BAaHA JUCOAIIAHCOM pOTOpa
rupockomna. Ilostomy OyneM cuurtaTh, YTO MAJII KOHKPETHOTO THUPOCKONA
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ABJISICTCS IOCTOSTHHOM.

Herpynno y6eauThes, 4To HanuuMe COOCTBEHHOTO YXOJla MOXKET MPUBECTU
K ykinonenuto BC ot JI3II. [Ipennonoxum, 4to B HAYaJIbHOM TOYKE OCh TUPOCKONA
OblJla BBICTABJIEHA MO OMOPHOMY MepujuaHy (puc. 5.38), HO B moJieTe YXOIUT
BIIPABO CO CKOPOCTBIO . . IS mojera mo OpPTOAPOMHUM MUIIOT BBIAEPKUBAET
noCTOSIHHBIN 3afaHHbll Kypc mo ['TIK, To ecTb coXpaHsAeT MOCTOSIHHBIM YTOJ
MEXIy OChbIO THPOCKONA U MPO10JIbHOM 0chbi0 BC (MMEHHO 3TOT yroj OH BUIUT Ha
mkane mnpubopa). Ho oce rHpockoma 3a cyeT COOCTBEHHOTO yxoja
IIOBOPAYMBACTCS W, CIENOBATENBHO, B Ty € CaMyl0 CTOPOHY M C TaKOW ke
CKOPOCTBIO TOBOPAYMBAETCS MPOAOJbHAs OCh CamoJieTa. JTO O3HAYaeT, 4To
¢daktryecku BC HaxomuTcs B pa3BopoTe, MpaBia, ¢ OYEHb MaJICHBKOW YTJIOBOM
CKOpPOCTBIO, U, CIEAOBATEIBHO, JIETUT MO Iyre OKPYKHOCTH OOJBIIOTO pajuyca.
Pazymeercs, npu atoM BC oTkionsiercst ot oproapomudeckoit JI3II.
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Puc. 5.38. Yknonenue ot JI3I, BeI3BaHHOE COOCTBEHHBIM YXOJOM T'MPOCKOIA

Benuuuna z (JIBY) 3a cdyer coOCTBEHHOTO yX0/1a MOXKET OBITh OIlEHEHA TI0
cneaymlieit hopmyiie:

z=0,01 W o, t%, (5.7)

rae  Z — nuHeiHoe O0KOBOE YKJIOHEHHE (B KM);
W — nyreBas ckopocTb (KM/4);

t — Bpems noJiera (yac).

Hanpumep, ecau W=450 km/4, ®.=2°/4 , TOo yxe 3a oauH yac noyiera BC
ykiaouutcss ot JI3II Ha 9 kM, TO ecTb AalieKo 3a MpeAesibl IIHPUHBI TPACCHI.
Pazymeercs, pakTU4ecKn 3TO MPOU30LUIO Obl TOJBKO MPH MOJHONW MacCCUBHOCTH
NUJIOTa, €cau Obl OH HE OCYIIECTBISI KOHTPOJb MYTH M CBOEBPEMEHHO HE
oOHapyXun ykKJIOHeHHe. TeM He MeHee, JaHHBIA MPUMEP MOKa3bIBACT BAXKHOCTH
CBOEBPEMEHHOT0 OOHApYKEHHUsI COOCTBEHHOTO YXOJa U €r0 yCTpaHEeHHUS.

VYkioHeHHne caMoiieTa  BO3HUKAeT H3-3a TOrO, UYTO  TOKAa3aHUS
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TUPOTOIYKOMIIaca HE COOTBETCTBYIOT (PaKTUUECKOMY OPTOJIPOMUYECKOMY KYpCY.

DaKTHYECKHH OPTOAPOMUIECKHH KYPC Yo ¢ — 9TO HAIPABIEHHUE MPOJIOJILHOM
ocu BC oTHOCHTENHbHO BBIOPAHHOTO ONOPHOTO MepuAHaHa (HampaBJICHHUS OCH
UJICIbHOTO TUPOCKOIA). A Kypc, KOTOPBIN MOKa3bIBAaeT MpuOop, OyaeM Ha3bIBaTh
oproapomudeckuM KypcoM 1o I'TIK — yorpx. DTO HampaBieHUE IPOIOIBHON OCH
BC oTHOCUTENBHO OCH KypCOBOTO TUPOCKONA, KOTOPBIA YXOJIHUT.

U3 pucynka (cM. puc. 5.38) MOKHO BHICTb, YTO €CIIU OCh THPOCKOIIA YIIlIa
BIIPaBO (YXOJl TOJIOKHUTEIBHBIN), TO KypC MO MPUOOPY Yormk MEHBINE, 4eM
(aKTUYECKHH Y0 4.

Pa3zHocTh MeXIy 3TUMU KypcaMy HENPEPHIBHO BO3PACTAECT HA MPOTSIKEHUU
moJieTa W, €CIW HE TMPHUHATH MEp, MOXKET JJOCTUYL OOJBIION BEIMYHHBI.
HenpaBuibHoe 3HaUE€HNE U3MEPEHHOTO Kypca MOXKET MIPUBECTH U K OLIMOKAM MpHU
pELICHUU JPYIrMX HABUTAIMOHHBIX 3aJ1a4. OINPEICIICHUM BETpa WA MECTa
caMoJIETa C TOMOIIBIO PAJUOHABUTALIMOHHBIX CPEACTB.

Paccmotpum, kakuM 0o0Opa3oM MOXHO y3HATh, YTO OCh TMPOCKOIA yIjia U
ONpENIENIUTh CKOPOCTh 3TOro yxona. K coxaneHuro, mpocTo risas Ha KoMIac,
ONPEAEIUTH 3TO HEBO3MOXKHO. Tak e, Kak I Ha CBOU 4achl, Bel HE cmoxkere
y3HaTh, MPABUJIBHOE JIM BPEMS OHM IOKAa3bIBAIOT. I 3TOrO0 HYKHO CpPaBHUTH
nokaszaHus Bamux yacoB ¢ 60Jiee TOUHBIMH WIIM Y3HATh TOYHOE BPEMS IO PaJIUo.

TouHO Tak *e ¥ C THPOCKONMMYECKUMU MTprubopamu. [TunoT BeiepKUBaET 10
HUM 3a/IaHHBI KypC, HO HE€ 3HAeT, MpaBWJIbHBIN JIn OH. YTOOBI y3HATh 3TO, OH
JIOJDKCH OIIPENCIUTh CBOM (DAKTHYECKUH KypC Yog4 C IOMOHIBIO KaKOIO-IHOO
MMOCTOPOHHETO JaTYrMKa Kypca ¥ CpaBHUTH ero ¢ nokazanusamu ['TIK yo ok -

B kauectBe Takoro mocCTOpoHHEro, TO €cTb He cBsizaHHOro c¢ [TIK,
HUCTOYHUKA Kypca OOBIYHO HCMOJIb3yeTCS MarHUTHBIM KOMIAc, KOTOPBIA BCeria
YCTAHOBJIEH Ha camoisiete. KOHEYHO, MarHuTHBIM KOMIAC M3MEpSET HE
OPTOJAPOMHUYECKUN KypC, @ MATHUTHBIA KypC 7Yy, OTCUUTBIBAEMBIM OT CEBEPHOIO
HaIpaBJICHHS TEKYILEr0 MarHUTHOro Mepuanana. Ho, ¢ moMouipto npasuia y4yera
IIOIIPABOK OIPEIEIIUTh U OPTOAPOMHUUECKUIN KYpC HE COCTABIISIET TPYAA:

Yop=Yu +AM + AA, (5.8)

rae AM - MarHUTHOE CKJIOHEHHE MECTA CAMOJIETa,;

AA - a3uMyTalibHas MOMpaBKa, paccurThiBacMas 1o gpopmyiam (5.2) wim (5.3)
B 3aBUCHUMOCTH OT TOIO, HCIOJb3YETCS OIMOPHBIA MEpHUJIMaH HCTHHHBIA WU
MAarHUTHBIN.

Koneuno, opronpomudeckuii Kypc BMeCTO (hOpMyJ MOXKET ObITh pacCUUTaH
U C TIOMOUIBI0 MHEMOHUYECKOW CXEMBbI, PACCMOTPEHHOM paHee.

PaccuntaB Takum 00pa3zoM ¢aKTHYECKUM OPTOAPOMHUYECKHM Kypc, €ro
cpaBHuBaoT ¢ nokazaHusmMu  [TIK. 3HauuTenbHOE WX  pacXoXKIEHUE
CBUJCTEILCTBYET 00 yxonae rupockona. Ha mnpakThke OOBIYHO pacxokIeHHe
BEJIMYMHOMN 1-2° 0OBIYHO HE y4WUTHIBAIOT. Bep OHO MOXET ObITh BHI3BAHO U HE
YXOZOM THMPOCKOIIa, @ IPOCTO HETOYHBIM OTCUYETOM IOKa3aHWil ¢ Kommacos. Ho
npu OoJbllel BEJIWYMHE  PA3HOCTH KYpPCOB HYXKHO IPOBECTU KOPPEKIUIO
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TUPOCKOIIA.

Eciu npu cBepke cBoux yacoB Bbl 0OHapyXuiu, YTO OHHM IOKa3bIBaKOT
HENPaBUJIBHOE BpeMs, TO BBl MpOCTO ycTaHaBIMBAETE CTPEIKU Ha IPABHIBHOE
3HaueHue. Tak ke M ¢ TMpOCKONWYECKHMM KomnacoMm. C IOMOIIBIO 3aJaT4yHKa
Kypca HY’KHO YCTaHOBHUTb OChb TMPOCKOIIa B IIPABHJIBHOE IMOJIOKEHHE, YCTAHOBUB
Ha IIKaje GaKTUYECKUN OPTOAPOMHUUECKHM Kypc. TeM camMbIM HaKONMBIIASICS W3-
3a yXxoJa THPOCKOIIA MOTPEIIHOCTh B Kypce OyneT nMKBUAUpoBaHa. Takas
KOppeKkuus (MCIpaBI€HUE) HA3BIBAECTCS NACCUBHOU KOPPEKYUEl.

JlaHHBIE, WCIIOIB30BAHHBIE ISl TACCUBHON KOPPEKLHH, MO3BOJSIOT TAKKE
OIIPENEIUTh U BEJIMYUHY CKOPOCTH COOCTBEHHOIO yXoaa ®. . [lj1g 3TOro pasHocTh
(aKTUYECKOT0 U U3MEPEHHOTO OPTOAPOMHUYECKOTO KypCOB HY)KHO pas[eiuTh Ha
BpeMsi, IPOLIEANIEe C MOMEHTA BBICTAaBKM TMpocKoma. YToObl @, MNOJIy4YHJIach B
rpagycax B 4ac, Bpems IpH pacueTe Hy>KHO OpaTh B yacax. MOXXHO U B MUHYTaX,
HO pe3yJIbTaT TOr1a He00X0MMO YMHOXHUTH Ha 60:

7o.gb ~Yo.enx 7/0.4) ~Vo.enx
= = 60. 5.9
t (vac) t(MuH) )

JIJist KaXI0ro THIa TUPOCKOMUYECKOTo MpUOOpa B MACHOPTHBIX JAaHHBIX
yKazaHa JomyctuMas BenuuuHa .. Hanpumep, mna I['TIK-52 m HekoTophix
KYpPCOBBIX CHUCTEM OHAa HE JIOJDKHA MpeBbIaTh 2°/4. Jljisi TOYHOW KypCOBOM
cucteMbl TKC-I12 ona nomkHa ObITE He Oomnee 0,5°/4.

Cnenyer uMeTh B BUAY, YTO MHTEPBAJ BPEMEHU AJIA 3aMepa COOCTBEHHOTO
yXoJla H€ JOJDKEH OBbITh CIUIIKOM KOpOoTKUM (He MeHee 40-60 MuH), nHaude
TOYHOCTb €r0 ONpeIeeHUsI OyJIeT OUE€Hb HU3KOM.

Ecnu okazanock, yTo ompezelieHHas B IOJIETE CKOPOCTb COOCTBEHHOTO
yX0/1a MPEBBIIIAET JOMYCTUMbIE 3HaYEHUsI, TO MOCIIE MoJjieTa 00 3TOM HEOOXOAUMO
COOOMINTH HA3EMHOMY TEXHUYECKOMY COCTaBY (3amnucarh B 00pToBoi xkypHai BC)

Pasymeercsi, mpu4nHbI, BBI3BIBABIINE COOCTBEHHBIM yXOJ THPOCKOIA MpHU
AaCCUBHOW KOPPEKLUMH, HE OyAyT ycTpaHeHbl. [ mpockon cHOBa OyJeT yXOIuTh U
CKOpEe BCEro MPUMEPHO C TAKOM € CKOPOCThIO, KaK paHblie. MHOro jeTr Hazaj
OpUIyMaH CIOCO0 KOMIIEHCAllMM JTOr0 yXoJa C TOMOINbI0 MEXaHU3Ma
a3UMyTaJlbHOM  KOppeKuuu. MexaHusm, KOHEYHO, TpeJHa3HauYeH s
KOMIIEHCAlIUM JIPYroro BUJA YXOJla, BBI3BAHHOIO BpaileHueM 3emiau. Ho Benp
CKOPOCTb pabOThl JBUTATENs, KOMIICHCUPYIOUIETO YXOJ, MOKHO PEryJIHpPOBaTh C
MOMOILBIO IIIMPOTHOTO NOTeHIHOMETpa. Mest cnocoba 3akiirouaercst B TOM, YTOObI
paccuuTaTh U YCTAHOBUTH HAa IIUPOTHOM MOTEHIIMOMETPE TAKOE 3HAYEHUE IIIUPOTHI
(y’xe He coBmajaroiiee ¢ (PaKTUUECKON MIMPOTO), YTOOBI JBUraTelib MEXaHW3Ma
a3UMYTaJIbHOU KOPPEKLHMH KOMNEHCUPOBAL KAK YX00 3a cuem épaujenus 3emiu,
max u co6CcmeeHHblIl YX00.
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5.13. OnpeneneHue 3aJaHHBIX MMyTEBBIX YIJIOB

3asucumocms 3A0AHHBIX NYMEGHIX Y2106 OM 6UOA UCHOTb3YEMbIX
Kypcoevlx npuoopoe. [l BBINOJHEHHS TIOJIETA HAa KaXIOM  y4YacTKe
IUIAHUPYEMOTO MaplipyTa HEOOXOMMO 3HATh 3aJaHHBIA MMyTEBOM YroJ, KOTOPHIH
xapakrepusyet HanpasieHue JI3I1 satoro yuactka. B nonere ajist BblIEpKUBaHUS
JI3IT nunoT paccUuTHIBAET KypC ¢ MOMOIIBIO 33JaHHOTO IyTEBOrO yIila € y4eTOM
yTIJla CHOCA.

Kypc u 3amanHblii myTeBoii yron (na u aro0oe HampaBieHHE) B MPHHIIUIC
MOTYT OBITh OTCUMTAHBl OT Pa3HBIX HANpPABICHWN Hadalla OTCUETa: CEBEPHBIX
HaIpaBJI€HUII MCTUHHOIO, MarHUTHOTO, OMOPHOTO MepuAuaHoB. OYEBUIHO, UTO
Kkypc u 311V oondxxcHvl omcyumoleamsbcs om 00H020 U Mo2o Hce mepuouara. Torna
UX YI0OHO CpaBHUBATh U UCIOJIb30BATh JJIs PEIICHMS HABUTALMOHHBIX 3a/1a4.

Bupa kypca, ucnonb3yeMblid JUisi HaBUTALMH, 3aBUCUT OT BHUJA KYpPCOBBIX
npubOpoOB (KOMITACOB), YCTAaHOBJIEHHBIX Ha JAaHHOM Ture BC, u TexHomorum ux
UCIOJIb30BaHusA. Ha MpakTuKe HCMOJNb3yIOTCA ABa OCHOBHBIX BHJIa KOMITACOB —
MarHuTHbIE W TUpOCKomuYeckue. PaccMoTpuM, Kak CleAyeT MpPaBHIbHO
onpenenats 3IIY mnpu MOArOTOBKE K MOJETYy € IOMOLIBIO 3TUX KYpPCOBBIX
npubOpoB.

Onpeoenenue 3I1Y ona nonema ¢ ucnonv3zoeanuem J10KCOOPOMUUECKUX
Kypcoewix npu6opos. JIOKCOIpOMUYECKIMHU HA3bIBAIOT TAKUE KYPCOBBIE MPUOOPHI,
KOTOPBIE MU3MEPSIOT KypC OTHOCHUTEIIBHO MCTUHHOTO WJIM MAarHUTHOTO 7MeKyuie2o
Mepuduana, TO €CTh MEepUANaHa Mecta camoiiera. K TakuM KypcoBbeIM mpuOopam
OTHOCSITCSI U MAarHUTHBIE KOMIIACHI.

Ha3Banue oOBsICHSIETCA T€M, YTO MPU BBIIEPKUBAHUU TOCTOSIHHOTO Kypca
0 TAKOMY KOMIIaCy CaMOJIET MOJIETUT (IIPU OTCYTCTBUM BETPA) MO JOKCOIPOMHUHU.
Benp nokcompoMusi — 3TO JIMHUS, MEPECEKAOIIas WCTHHHBIE MEpPUIUAHbl MO
MOCTOSIHHBIM YTIJIOM, a MPU OTCYTCTBUU BETPa BBIACPKUBAEMbIA MOCTOSHHBIM
UCTUHHBIN Kypc U (DaKTUYECKUU MUCTHUHHBIA MyTEBOM yToJ, TO €CTh YroJl MEXIY
MmepuauanoM u JIOII, coBmanaror.

Ecnu BbIAEpKMBAETCS MMOCTOSIHHBIM HE MUCTUHHBIA, @ MATHUTHBIA KYpC, TO,
ctporo roBopsa, JI®II He Oymer umerh (opmMy JTOKCOAPOMHUHU, MOCKOJIBKY
MarHuTHOE CKJIOHEHHE BO BpeMsl II0JieTa HECKOJIbKO MeHseTcs. Takyro
CUCKPUBJICHHYIO» JOKCOIPOMHMIO  HMHOTAA  HAa3blBAOT  «MAarHUTHOM
JIOKCOIPOMHUEIN».

Ho Ha oOTAenbHO B3SITOM Yy4YacTKE MaplipyTa MarHUTHOE CKIIOHEHHE
MEHSAETCS, Kak TMpaBWJIO, HE3HAYUTEIbHO, I[O3TOMY MPEHEOpexKEM IATUM
u3MeHeHrueM. Majo Toro, AJis IPOCTOTHI pacCyXICHUM OyJ1leM CUMUTaTh, UTO BETpa
HeT, a Takke AM n AK paBHBI Hynt0. B 3TOM ciyyae m3mepsieMblii MarHUTHBIM
KOMITacOM Kypc OyZIeT COBNaAaTh C HCTUHHBIM KypCcOM U (DaKTHUYECKUM UCTUHHBIM
MyTEBBIM YTJIOM.

PaccmoTtpum, kakuMm oOpa3oM ONpENeIUTh 3alaHHBIA UCTUHHBIA MTyTEBOU
yroia y4dactka Mapuipyra ot HadanbHoro II1IM ygacTtka 1o koHeuHoro (puc. 5.39).
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Puc. 5.39. JlokcoagpoMuieckuii myTeBOM yrou

3aaHHBII HWCTUHHBIA IyTEBOM YroJd — 3TO Yrojd MEXAYy HCTUHHBIM
mepuauanom u JI3II. IlepBoe, YTO HOPUXOOUT B TOJOBY, — H3IMEPUTH
TPAHCIIOPTUPOM ASTOT YroJl Ha Kapre B Touke HawaibHoro IIIIM ywactka ot
MPOXOJAIIETO Yepe3 HEro HMCTUHHOrO Mepujauana. EciM NOCTynmuTh TakuM
o0pa3oM U B TOJIETE BBIJAEPKUBATH KYypC, PaBHBIA ATOMY 3aJlaHHOMY ITyTE€BOMY
yray, To BC mosetur mo JoKcoapoMuH (MOCKOJIBKY KYypC BBIIEPKUBAETCS
MOCTOSIHHBIM), HO 3Ta JIOKcogpomusi Oyner ykinoHatbess oT JI3II u BoBce He
npoiaer uepe3 koHewHbld II[IM yuactka (cM. puc. 5.39, xpuBas 1). Benp
MepuJMaHbl He MmapajuienbHbl apyr apyry, a JI3II — sto0 opmoopomus u,
CJIEIOBATENBHO, MEPECEKAET MEPUAMAHBI MOJ PA3IMYHBIMU yrilamMu. B kaxmon
TOYKE MaplipyTa HWCTUHHBIA IIyTEBOW YyIrOJ OPTOAPOMHHM, H3MEPEHHBIA OT
MEpUJMaHa 53TOW TOYKH, pa3IU4€H. A TOJET BBHINIOIHAETCS TaK, YTO BCE
MEpHUANaHbl TEPECEKAIOTCS TMOJ OJHMM yrioMm. Takoil cmocod ompeneneHus
3aIaHHOTO MYTEBOTO yrja HEMPaBWIbHBIA — CaMOJET HE MPUIIETUT TyAa, KyJla
HaJI0.

CrnenoBateslbHO, HEOOXOIUMO OIPEACTUTh TAKOW 3a0aHHbIU NYymesoll Y20,
umoObl NPU BbLIOEPHCUBAHUU €20 8 nojieme, Camoaem BblNOIHAL NOJem No MAaKol
JIOKCOOpoMuUU, Komopas npoxooum uepe3 koneunwviii ITIIM. Taxkas noxkcoapomusi
(cM. puc. 5.39, xpuBas 2) ToKe MepeceKaeT BCe MEPUINAHBI IO TOCTOSHHBIM, HO
YK€ IPYTUM YTJIOM.

Kak ke onpeaenuts 310T yroa? HemocpeacTBEHHO U3MEPUTH €ro, Ka3aaoch
Obl, HEBO3MOXXHO. Beap Ha KapTe HaHeceHa TOJbKO oprtojapomudeckas JI3II, a
JIOKCOJPOMHUS HE N300pakeHa.

Ha camom nene ompeaenuth ero HeTpyaHo. Kak BugHO M3 pucyHKa (CM.
puc. 5.40), OpTOAPOMUYECKHH ITyTEBOH yroi o, (MEXKIy MepHIHAHOM H
OpPTOPOMHEI) BO BCEX TOUKAX Pa3JIMUEH, a JIOKCOAPOMUUYECKHUM TTyTeBOU yroa 3,
(MexAy MEpUIMAHOM U JIOKCOAPOMHME), pazyMeeTcsi, MOCTOsiHEH. B Hauane
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ydactka f3,> Bopr, @ B €ro koHue B,<Popr. CienoBaTenbHo, nocepedute yuacmxa,
20e OpmooOpoOMUsL U JIOKCOOPOMUSL NAPANIENIbHbL Opye OpYey, dmu nymeevie Veibl
coeénadaiom. MOXHO TPaHCIIOPTHUPOM HU3MEPHUTH IyTEBOW YTOJ 0pmoopomuu
MOCEepPEIMHE YJacTKa U 3HATh, YTO OH COBIAJACT C MyTEBBIM YTIIOM JIOKCOOPOMULL,
KOTOPBI HA BCEM YJaCTKE OJJUHAKOB.

Puc. 5.40. OproapoMuueckre U JOKCOAPOMUYECKAN MyTEBBIE YTJIbI

Takum o0OpazoM, npu uUCNONL306AHUU  TOKCOOPOMUYECKUX  KYPCOBbIX
npubopo8 3a0aHHbIL UCTMUHHBLL NYMEBOL Y201 Cledyem UMePAmb OMHOCUMEILHO
cpeoHe20 MepuoUana yuacmrka Mapupyma.

[Ipu u3MepeHun MyTEBOrO yrjia TPAaHCHOPTUPOM HEU30EKHBI CIIydailHbIe
norpemHocty. [Ipu HeoObxoaumocTu 0ojiee TOYHOTO OINPEACNICHUs 3TOrO yria OH
MOKET OBITh PAacCUMTaH IO U3BECTHBIM reorpaduueckum koopauHatam I[IIM c
MOMOIILI0 POPMYJI, KOTOPhIE MPUBOASTCS B Kypce «I'eonH(popMaliioHHbIe OCHOBBI
HaBUTAIUN.

Takum 00pa3oMm, TpU HUCHOJIB30BAHUU JIOKCOJIPOMHYECKUX KYpPCOBBIX
MPUOOPOB MPAKTUYECKU HEBO3MOXKHO BBIMIOJIHUTH TMOJIET O OpmMOOpOMUUECKOU
JI3IIL. Benp kypc u3mepseTcss OT TEKYIIEro MEpuvaHa, ciaeaoBarenbHo, u 3I1Y
JIOJKEH U3MEPSTHCS OT TEKyllero Mepuauana. Ho B Kaxaoil Touke OpTOAPOMHUU
€€ IyTEeBOM yroJl APYTrou.

[Ipu nonere no .toxkcoopomuu BC 3aBenomo otkionsiercss ot JI3II, u sto
OTKJIOHEHHE TeM OOJIblle, YeM JJIMHHEE YJ9acTOK, 4eM OJImKe myTeBoi yroi Kk 90°
(270°), yem B OoJiee BBICOKHX IMMPOTAX BBIMOJHICTCSA TMONET. [ yMeHbIICHHS
orkionenus ot JI3II Ha ywactke Oosbmioit mmuubl (6osee 200-300 kM) ero
11eJI€CO00pa3HO pa3/IeNuTh Ha JBa ydacTKa M I KaXIIOTO W3 HHUX OMNPEIETUTh
CBOM 3a/IaHHBIN MYTEBOM YroJ Tak, KaK 3TO ObLJIO OMHUCAHO.

Onpeoenenue 3I1Y o0na nonema ¢ ucnoav3zoeanuem opmoopoOMuUYecKUx
Kypcosvix npubopos. OpTOAPOMUYECKUMH KYPCOBBIMH TPUOOpaMU HUHOTIA
Ha3bIBAIOT TaKWE KOMIIACHI, C MOMOIIBI KOTOPBIX MOKHO BBITIOJIHUTH TOJIET IO
oproapomMuu. K HHUM OTHOCSTCS W THUPOCKONMUYECKUE KOMIIAChl, KOTOpPHIC
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U3MEPAIOT KypC OT ONOPHOTO MEpHAMAaHa — HANpaBJIECHUS HAYaJIbHOW BBICTABKU
ocH KypcoBoro rupockona. Kak yxe ormedanoch, IpUHITO BEIOMPATh B KAYECTBE
OMOPHOTO MCTHHHBIA WM MArHUTHBIA MEpHIMAaH KakoH-1u00 TOYKM MapuipyTa:
aspoapoMa BbuieTa, mocaaku wiu [11IM.

B 3aBucMMOCTM OT TOrOo, Kakoil MeEpHAHAaH HCHOJIb3YETCS B KAadyeCTBE
OMOPHOIO, Ha TNPAKTHKE HCHOJIb3YIOTCS JABE€ TEXHOJOTUM IPUMEHEHHUS
TUPOCKONTMYECKUX KOMITACOB.

[IpuMeHeHre nepBOi U3 HHUX MOJPAa3yMEBAET UCIOJIb30BAHUE HA KAHCOOM
yuacmke Mapuipyma c80e20 ONOPHO20 MepuouaHd, a IMEHHO COBIIQJIAlOIIETO C
MarHuTHbIM MepuauaHom HadanpHoro IIIIM yuactka. IIpu mposiere koHEYHOTO
[IIIM ouepenHOro y4dacTka, KOTOPBIU SBJISIETCSA OJHOBPEMEHHO HadanbHbIM [I1IM
CJIEAYIOIIETO Y4aCTKa, UMEHHO OH CTAaHOBUTCS ONOPHBIM. Takast TEXHOJIOIMS Yale
UCIIOJIB3YETCs B JISTKOMOTOPHOW aBUallMU, HO MHOT/Ia U Ha «Oonbinx» BC.

Bropas TexHonorus, mpuMeHseMas Ha CpedHe- M JNallbHEMaruCTPaIbHBIX
BC, 3aknroyaercs B TOM, YTO NPAKTHYECKU HA GCeM Mapuipyme UCNOJIb3)emcs
O0OUH U MOM dHce ONOPHBIN MEPUOUAH, KaK TPABUIIO, COBIAJIAIONINN C MAaTHUTHBIM
MEpPUAMAHOM a3poJipoMa BelIeTa. U JIMIIb nepes CHUKEHUEM C LIEI0HA OIIOPHBIM
CTAHOBUTCS APYrOl MEPHUANAH — MAarHUTHBIN MEPUAUAH a3pOIpOMa MOCATKH.

B nepsom cnyuae, xorga OIOPHBIM SIBJIIETCSI MArHUTHBIA MEpUIUAH
HavyasnbHOro I[1IIM, onpenenuTs 3agaHHBIA MyTeBOM yroia mpocto. Heobxomumo
ONPENENNUTh (U3MEPUTh HA KapTe TPAHCHOPTUPOM WIIM pacCyuTaTh Mo (hopmysam)
IyTEBOH YTOJI OTHOCHTEILHO HauaibHo20 mepuouana ydactka UITY ., (puc. 5.41)
U npeoOpaszoBaTh €ro B MarHuTHbIA MITY .4, BEIUTS B COOTBETCTBHUM C MPABUIIOM
ydeTa IOIPaBOK MarHMTHOE CKiIoHeHHue B parioHe [IIIM. IlockosnbKky MarHWTHbBIN
Mepuanad HadaiabHoro IIIIM ydacTka v BbIOpaH B KauecTBE ONOPHOIO, TO 3TOT
MyTEBOM yroa u OyAeT OPTOJAPOMHUYECKUM 3a]JaHHBIM ITyTE€BBIM YTJIOM.

B mpaktuke HaBUTAlMM TPU MCMHOJB30BaHUHM a00peBuaTyp (OyKBEHHBIX
COKpalIeHHU) CIOXXWiIach MNpPaKTHKa 0003HAayaTh OPTOJPOMUYECKUE 3aJaHHBIC
MyTEBbIE YIIbl B ClIy4ae, KOrJa OMNOPHBbI MEpPUAMAH COBIMNAJAET C MAarHUTHBIM
MEpUAMAHOM Kakoro-inbo myHkTa, cokpamenuem OMIITY. Bbyka 3 (ot cnoBa
«3a/laHHbI») omyckaeTcs, a OykBa M MNpocTO HalOMHHAET, 4YTO B KayecTBE
OTIOPHOTO MEpHUIMaHa BEIOpaH MMEHHO MarHUTHBIA MepuaraH. Torma:

OMIIY=MIIY ,, = UI1VY oy — AM.

Bo BTOpOM ciiydae, korja Ha IPOTSYKEHUH BCEr0 MaplIpyTa MCMOJIb3YeTCs
o0wWull  onopHulll  MepuoduaH, COBIANAOIIUNA C MarHUTHBIM =~ MEpPUIUAHOM
a’popoMa BbLJIETA, TAKKE HEOOXOAUMO U3MEPUTh UJIM PACCUUTATh MO (opMysiam
NIV, ydacTka W mpubaBUTHh a3WMyTalbHYIO TOMNPaBKY AA ajg mepexoaa K
OTMOPHOMY MEpPUIUAHY.

Kak yxe oTrmeudanoch, pacyeT a3uMyTajJbHOW MOMPAaBKU HEMOCPEICTBEHHO
no ¢opmyne (5.3) MOKET OKa3aThCid HETOYHBIM, MOCKOJIBKY YYaCTKH MapuipyTa
MOTYT JAJIEKO OTCTOSITh OT IJIABHOW OPTOAPOMUU. Yeon cxoorcoenuss mepuouanos,
BXOJSIIINI B COCTaB a3UMYTaJIbHOM MOMPAaBKU, credyem paccyumvléamv nymem
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CYMMUPOBAHUSL Y2lI08 CXONCOEHUSI MEPUOUAHO8 HA KAXCOOM YydacmkKe MEXKIY
OMOPHBIM MEPUMAHOM M MEPHUJIMAHOM TOUKH, JIJIi KOTOPOH paccuuThiBaeTcs AA
(puc. 5.42).

Cn CMm

A

nan
A

5.41. HayanbHple MyTEBBIE YIJIbI y4acTKa

Cu
A

Puc. 5.42. K onpenenennto opTOAPOMUYECKHX ITyTEBBIX YIIIOB

®opmyna pacuera OMIIY oTHOCHMTENBPHO MEpUAMAHA A3POAPOMA BBLIETA
mis moneta Ha ydactke ot i-ro IIIIM (mpurmmas WUIIM c monroroit Ay 3a
«nynesoit» [1IIM) Oyner umeTsh BU/I:

OoMITY,

bl

J=l .+ .
= HHyHaq.i o Z(ij - ﬂ'j—l)sm % - AM Osoun "
j=1
(5.10)
Bropoe cnaraemoe B mpaBoii yactu (OpMyIBI — 3TO M €CThb CymMMa YIJIOB
CXOXJIEHHUSI MepuauaHoB mo ydyactkam, a AMy,,, — MarHuTHOE CKJIOHEHHE Ha
OTMOPHOM MepHUJIhaHe (a3poApOME BbLIETA).
IIpr naHHON TEXHOJOTHHM HMCIOJIB30BAHHUS THPOCKOIMYECKUX MPHOOPOB
nepeod CHUdCeHueM SKUTAX YCTAHABIMBACT OCh THPOCKONA IO HAIPABICHHUIO
MACHUMHO20 MePUOUAHA APPOOPOMA NOCAOKU, KOMOPLIL U CMAHOBUMCS HOBLIM
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OHQprUW.MquauaHOM.()quHHHO,‘HD 3aJIaHHBIC OPTOAPOMHUUYCCKHUC ITYTCBBIC
YTJIbI JOJIZKHBI OBITH OIPpECACICHBI U JIsI 9TOI'0 OIIOPHOTO MEpHUAHaHA.

OMITY TP

noc.i

=HUIlY,, . + Z (A, -4, 1)sm
j=i+1
3nech nog N-pim [1IIM nmoHuMaeTcs a3poipoM MOCagkhu. A cMbICH (POPMYIIbI
OCTaeTCs TEM JKE: CYMMHPYIOTCSA YIJIbI CXOXACHHWS MEPHIMAHOB Ha BCEH

ocmasuietics 4actu Mapuipyta ot Tekymiero [II1IM go aspoapoma nocaaxu.

—AM (5.11)

Onoc*

5.14. O61mme cBeleHUsI 0 KYPCOBBIX CHCTEMAaX

Kaxnpi u3 JBYyX pacCMOTPEHHBIX MPUHIMIIOB H3MEPEHUs Kypca —
MAarHUTHBIA U THPOCKONIMYECKN — UMEET CBOU JOCTOMHCTBA U HEJOCTATKHU.

MaruuTHsblil KOMIac 001aaeT TeM JOCTOMHCTBOM, UYTO MO3BOJISIET UMEHHO
usmepums Kypc, TO €CTb OH CaM MOXKET ONPEIEIUTh HANPABICHUE IPOIOIBHON
ocu BC otHOcuTenprHO Mepuauana. Ho oH o0nagaeT 1 MHOTUMU HEJOCTaTKaMHU.
Bo-nepBbIX, OH TOABEPKEH pA3IWYHBIM BHUAAM J€BUAllUK. BoO-BTOpBIX, €ro
MPAKTUYECKU HEJIb3S UCTIOJIb30BATh B MOJISIPHBIX pailoHax. B-TpeThuX, ¢ MOMOIIBIO
MAarHUTHOI'O KOMIIaca TPYAHO BBIIIOJHUTH ITOJIET 110 OPTOAPOMUH.

['mpockonuyeckne KOMIAChl, HA00OpPOT, O0OECIEUHNBAIOT BBITIOJIHEHUE
rojiera IO OPTOAPOMHMM M JE€BHAlMs Yy HUX OTCyTcTByer. Ho y HuUX cBou
npoOiemsl. ['mpomnonykommnac e usmepsiem Kypc, TO €CTb cCaM HE MOXKET
ONPEAEIUTD, T/I€ CEBEP, a e r. MOXKHO TOJIBKO BBICTABUTH OCh T'MPOCKOIA I10
HY)KHOMY HAllpaBJICHUID U U3MEPATh KypC HMEHHO OT Hero. Kpome Toro,
TUPOCKON UMEET COOCTBEHHBIN YXO/ U IPYyTU€ BUbI MOTPEITHOCTE.

EcrectBeHHO, yX€ NaBHO NOSBWIACH Hjes OOBEAMHUTH JBa MPUHIIUIA
U3MEpPEHUs Kypca B OJJHOM YCTPOMCTBE TaKMM 0Opa3oM, YTOOBI MCIOJIb30BAIHCH
JIOCTOMHCTBA  O0OMX ATUX NPUHIMUIOB, a WX HEAOCTaTKU B3aWMHO
KOMIICHCUPOBAIUCh. Takue KypcoBble MNpUOOpPhl M Ha3Balud KYpPCOBBIMHU
CUCTEMAMH.

Kypcosvimu cucmemamu nasvieaiom xomniexcruole usmepumenu xypca BC,
00vbeOuHAIWUEe OAMYUKU, OCHOBAHHbIE HA PATUYHBIX PU3UUECKUX NPUHYUNAX.

B rpaxnanckor aBuanuu Poccuu  MCIONB3YHOTCSI CaMbl€ Pa3HbIE THIIBI
kypcoBeix cuctem (KC-8, KC-10, I'MK-1, TKC-I12 u papyrue). KoneuHo,
KOHCTPYKTHUBHO OHHM YCTPOEHBI IIO-PA3HOMY, HO MPUHIIUII JIEUCTBUS U COCTABHbBIC
YacTM y HHUX IIOYTH OJMHAKOBBL. PaccMOTpMM THINHWYHBIM COCTaB KypCOBOWM
CUCTEMBI.

1. Unoykyuonnwnii oamuux (H/]) sBAsieTCS YyBCTBUTEIBHBIM 3JIEMEHTOM
COBPEMEHHOI'0O MAarHMTHOI'O KOMIIAca, pEarupyrolyM Ha MarHUTHOE TOJie 3eMJy,
TO €CTh UT'PAET Ty XK€ pOJb, UTO U HamarHndeHHas kaprymka B KI1-13. Ho U/1, B
ommmune ot KW-13, daBusiercss anekmpuueckum ycmpoucmeom, Ha BBIXOIE
KOTOPOr0 CHUMAETCSl HaNpsHKEHUE, 3aBUCSIIEE OT BEJIMUYUHBI MATHUTHOTO Kypca U
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KOTOpOE MO NPOBOJAAM MOKHO IE€PEIaTh HA PACCTOSTHUE — OT MeCTa yCTaHOBKU M]]
B KaOMHY 3KHUIIaXka.

NI numeet kpyrisiii kopmyc (puc.5.43), BHyTpH KOTOPOT'O HAaXOASATCA TPHU
pPacCMoOJIOKEHHBIX B TOPU3OHTAIBHOM IIJIOCKOCTH M COEIUHEHHBIX B (opme
TPEYroJIbHUKA  CTEpPXKHS, W3TOTOBICHHBIX U3 nepmanios (CIuiaBa >xele3a u
Hukens). Bce Tpu crepkHs umerorT aBe oOmue oOomotku. Ha omnHy U3 HuUX
(HaMarHM4YMBAIONIYI0) TOJAETCA TEPEMEHHOE HalpshKeHue, a C Jpyrou
(curHaNbHOM) HaANpsHKEHWE CHUMAaeTca. B 3aBUCMMOCTHM  OT TOro, Kak
opueHTupoBaH WJ| OTHOCHUTEIBRHO MArHUTHOIO MepHaHaHa (CUJIOBBIX JIUHUN
MarHUTHOTO TOJIS 3€MJIM), C CHTHAJLHONM OOMOTKM CHMMAETCS pa3Hasl BEIMYMHA
Hanpspkenus (3/C).

Y

Puc.5.43. HAyKIMOHHBIN JaTYUK C JEBUAIMOHHBIM TPUOOPOM

Ha xppimike M/ moxer ObITh pa3MelieH JeBHALIMOHHBIN mpubop. Tak xe
Kak jaeBuanivoHHblid mpubop B KU-13, oH mpegHasHadyeH s KOMIICHCAIlUU
MOJYKPYTOBOM JEBUAIIMM M MPEACTABISET COOOM CUCTEMY M3 JABYX MOCTOSHHBIX
MAarHUTOB.

C Beixoma W]l nocrymaer 3JIEKTPUYECKHII CUTHAJ, COOTBETCTBYIOIIMI
KOMITACHOMY KypCy, TO €CThb MarHUTHBIA KypC, HO IOJABEPKEHHBIA MCKAXKECHUIO
BCEMH BHJIAMH JIEBHAIMK (32 UCKIIOYEHHEM, MOXET ObITh, TOJYKPYTOBOM, €CIu
OHa yCTpaHEHa JeBUAIMOHHBIM TIprubopom). Beaeactsue sroro, naxe ecnu BC Ha
CaMOM JIeJI€ JIETUT MOPSIMOJIMHEMHO, W3MEPEHHBIM ¢ mnomolbio MJI komIacHbIi
Kypc uMeeT (IyKTyalud — CIIy4YailHble OTKJIOHEHHUS OT CpPEIHEro 3Ha4YeHUs,
BBI3BAHHBIC KPEHOBBIMH W  YCKOPUTEIBbHBIMU  JI€BUALIMSIMHM, BKJIIOUYECHUEM
AIIEKTPUYECKUX IIened Ha OOpTy W T.I. DTH OTKJIOHECHHS 3HAUYUTEIHLHO MEHBIIIE,
yeM y kaptymiku KM-13. Tem He meHee, kypc, nonydeHHsll ot WU/1, aBnsercsa He
BIOJIHE TOYHBIM.

2. Koppexyuonnoui mexanusm (KM) TnpenHa3sHayeH JJIsg  CBS3U
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VHIYKUAOHHOTO JaTdyhKa C JPYTMMH YCTPOMCTBAMH KYPCOBOW CHCTEMBI.
KomnacHbIll Kypc B BUJIE JIEKTPUUECKOTrO curHaia nocrynaer B KM, B koTopom
MOJIHOCTHIO WJIM YaCTUYHO MOXKET ObITh KOMIICHCHPOBAaHA YETBEpPTHAs JCBUAIUS.
OTUM U 0OBSICHSETCS HA3BaHUE YCTPOMCTBA (KOPPEKLIUS — ITO UCIIPABIICHUE).

Ha KM wumeercs mkana (puc.5.44), mo KOTOPOM MOXKHO OTCUHTATh
noctynaromuit ot /1 xommacHei kypc. IMeeTcs u kpeMalibepa il YCTAHOBKHU
Ha ITOM JKe IIKajie MarHuTHOTO ckioHeHus. [Ipu BBone AM xypc Ha évixode KM
YBEJIMYHUTCS HAa COOTBETCTBYIOIIYIO BEIMYHMHY (TO €CThb, K MAarHUTHOMY KypcCy
npubaButcs AM u NOTYy4UTCS UCTHHHBIA Kypc), HO Ha camoi mkaie KM kypc
OCTAHETCS MPEKHHUM.

s s
N, L)

Puc. 5.44. KoppeKIIMOHHBIN MEXaHU3M

Bokpyr mikanel 4epe3 Kaxable 15° HMEIOTCS BUHTHI JIEKAJIbHOTO
YCTPOMCTBA, MPU BPAIICHUH KOTOPHIX M YCTPAHSETCS YETBEpPTHAs JE€BHAIMs Ha
COOTBETCTBYIOILLIEM KypCE€.

3. Tupoacpecam  (I'A) mpencrapiseT coOOMl 3aKIIOYEHHBIM B KOPIYC
KypPCOBOM THPOCKON B KapJaHOBOM IOJIBECE€, CHAOKEHHBIH HEOOXOIMMBIMH JIJIst
ero paboThl YCTPOMCTBAMHU (DJIEKTPOABUTATEISIMU, MEXaHHU3MaMH KOPPEKIIUH,
pene OTKIIOYEHHUS KOPPEKIMU W T.1.). ITO OCHOBHAs 4acTh JIOOOW KypCOBOM
cuctemsl (puc.5.45).



Puc. 5.45. Bueunuii Buj rupoarperara

4. Vkazamenu xypca — 3TO mO0Oble HUHIWKATOPBI, HA KOTOPBIX MOYKHO
OTCUUTATh KypC, MU3MEPEHHBIM KypCOBOM cHCTEMOH. Bce KypcoBble CHCTEMBI
MOXHO OTHECTH K  KJIacCy  JUCTAHIIMOHHBIX  KOMIIACOB,  IOCKOJBKY
yyBcTBUTENbHBIE AnieMeHThl (MJ], I'A) HaxoxsTcs B Takux Mectax BC, koTopbie
HamOoJiee yJOOHBI M IEJIECO00pa3Hbl JUIsl MX pa3MEIleHUs, a yKa3aTelau Kypca
pa3MelIarTcs BCera Ha MPUOOPHOM T0CKE MUJIOTA.

VYkazarenu MoryT ObITh Pa3JIUYHOTO BHJIA B 3aBUCUMOCTH OT THUIA KypCOBOM
cucteMsl 1 Tira BC. OObIYHO yKa3arenell B KaOMHE HECKOJBKO (KaKk MHHHUMYM,
JUI JIEBOTO M TpaBoro nmwioToB). Ecnu Ha manHom tune BC mpemycmoTpeHO
paboudee MecTO MITypMaHa, TO €ro yKa3aTesb SIBJSETCS] OCHOBHBIM U MOXKET UMETh
BU/JI, OTJIMYHBINA OT BHUJIA yKa3aTelen MUJIOTOB.

VYkazarenm Mo CBOEMY YCTPOWCTBY MOXKHO pa3AeiuTh Ha JBa Bujaa. B
MEepBOM M3 HHUX IIKajla KypCOB BpalllaeTCsl, U KypC OTCUHUTHIBAETCA MO HeH
HAIMPOTUB HEMOJIBKHOTO TpeyroibHoro uHaekca (kak B ['TIK-52). Bo Bropoi
Pa3HOBHIHOCTH YyKas3aTesel Ikajia cama He Bpaimiaercs (mpaBia, B HEKOTOPBIX
yKazaTelnsax ee Uil yAoOCTBa MOXXHO pa3BEepHYTh BPYUHYIO C IOMOIIBIO
KpeMalbephl), a KypC OTCUMUTHIBACTCA TMPOTUB TMOIABUKHOW CTPEIKH, KOTOpas
MHOT/Ia BBITIOJIHEHA B BUJIE CUITy3Ta CaMOJIeTa.

5. Buiknouamens xkoppexyuu (BK) - 3T0 yxe ynoMuHaBIeecss HEOOBIIOE
YCTPOMCTBO C ABYXCTEMEHHBIM TMPOCKONIOM, KOTOPOE ABTOMATUYECKH BBIKIIOYACT
KOPPEKLMIO BO BPEMS pa3BOpOTa.

6. Ilynem ynpasnenus (I1Y) — 3TO yCTPOWCTBO ISl yIPaBIICHUS KypCOBOU
cucrteMor. KoHeuHO, ero BuJ 3aBUCUT OT THIIa KypcoBOW cuctembl. Bug ITY
3aBUCUT OT THUIIA KypCOBOM CHCTEMBI, HO, KAaK IPAaBWJIO, HA IYJbTE HMEKOTCH
CJIEAYIOUIUE OPTraHbl YIPABICHUSA:
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- IePEKITI0YaTETh PEKUMOB PabOTHI,

- 3aJaTYUK Kypca;

- PYKOSITKAa YCTAHOBKHU ITUPOTHI («IIUPOTHBIN MOTEHIIUOMETPY);

- nepekitouarenb «Cepep-FHOry»;

- KHOIIKa OBICTPOTO COTJIACOBAHMSI.

Koneuno, nro6ast KypcoBasi cucTeMa BKIIIOYAeT B ce0s U JIpyrue COCTaBHbIC
qyacTH (YCUJIUTENH, OJIOKU CBSI3U C IPYTUMHU CUCTEMAMH U T.I1.), KOTOpBIE 3/1eCh HE
MEPEUYUCIICHBI, MOCKOJIbKY SIBJISIFOTCSI BCIIOMOTATEIbHBIMU JUOO MPUCYTCTBYIOT
TOJIBKO B KOHKPETHBIX TUIAX KYPCOBBIX CUCTEM.

KypcoBas cucrtema MOXKET UMETh JIBa WM TPU pedcuma padomul, OJUH U3
KOTOPBIX TMHJIOT CaM BBIOMPAET C TIOMOIIBIO MEPEKITI0YATENsT PEKUMOB.

1. «I'TIK» - pesicum eupononykomnaca. B 3ToM pexuMe KypcoBasi cucTema
pabotaer ananormyHo [TIK-52. Ilunor BbIOMpaeT HampaBiIeHHE OMOPHOTO
MEpHU/IMaHa, YCTAHABIMBAET MO0 HEMY OCh THPOCKOIA C MTOMOIIBIO 3aJaTYMKa Kypca
U u3Mepsier B nojuere oproagpomuueckuid kype. M/ m KM Hukak He y4acTBYIOT B
pabote storo pexuma. Pexum «['TIK» siBiseTcss OCHOBHBIM Ha COBPEMEHHBIX
camoJIeTax, MOCKOJbKY 00€CIIeUnBaET BBIIIOJIHEHHE MOJIETa MO OPTOAPOMUHU.

2. «MK» - pescum macnumuou koppexkyuu. B 3TOM pexxume MarHUTHBINA
Kypc, u3MepeHHbI ¢ mnomomipto HWMJI, ocpemnsercs ¢ mnomompbio ['A 4
bunpTpanu BpenHbiX Quykryanuid. bonee mompobHOo paboTy 3TOro pexmuma
paccMOTpuM Janee. MOXKHO CUHMTaTh, YTO B ITOM pEXKUME KypcoBas CHUCTEMa
u3mepsier MK, To ecTh Kypc OTHOCUTEIBHO TEKYIIETO0 MarHUTHOTO MepHuauaHa
Mecta camoiiera. Ha coBpemenHbpx BC 3TOT peXMM HCHOJIB3yeTCS TOJBKO IS
HayaJbHON BBICTABKU WJIM KOPPEKIMU OCHU THPOCKOIA, XOTSI OOJBIIMHCTBO THUIIOB
BC nomyckaeT BBINOJHEHUE BCETO IMOJIETa B ATOM pexkuMme. Pazymeercs, B 3ToM
cillyyae KypcoBasi cucTeMa OyIeT HCIOJIb30BaThCAd KaK JIOKCOAPOMUYECKHM
KYpPCOBOMI TIpUOOp.

3. «AK» - peocum acmponomuueckou Koppexkyuu. ITOT PEKUM
MPEAYCMOTPEH HE BO BCEX TUIAX KYypCOBBIX cucTteM. Ho naxke mpu ero Haauyuw,
KpOME OCHOBHOTO 00OpyIOBaHUsS KypcoBoil cuctembl, Ha Oopty BC
JOTIOTHUTENBHO ~ JIOJDKHO OBITh YCTAHOBJIEHO CHEIUAIBHOE YCTPOWCTBO —
acmponomuveckuii komnac. C €ro TNOMOLIBIO KypCOBas CHUCTEMa MOKET
ONpENENATh WCTUHHBIA WM OPTOJAPOMUYECKHMH KypC Ha OCHOBE IEJICHTallhH
ACTPOHOMHYECKUM KOMIIACOM HeOeCHBIX cBeTua (kak mnpasuio, Connia). B
HACTOSIIEE BpEMsA Ha CaMmoJieTaX TPaKIAHCKOW aBHAIMA ACTPOHOMHUYECKUN
KOMIIAC HE YyCTaHaBIMBaeTcs, MNodToMy pexuMm «AK», naxe ecid OH
IIPEAYCMOTPEH B KYPCOBOM CUCTEME, HE 3aJ€HCTBOBAH.

bnarogapss o0benuHEHWIO B KYpCOBOM CHCTEME MArHUTHOTO U
TUPOCKOMUYECKOT0 JAaTYMKOB Kypca YIPOIIAETCS BBHICTABKA OCH THPOCKOIA IO
ormopHoMy Mepuauany s nosieta B pexxkume «ITIK», ocobeHHo eciu omopHbIM
MEpHUANAHOM BBIOpPAH MAcHUMHbIL MEPUINAH a’poapoMa BbuieTa. B 3ToM ciyuae
HET HEOOXOMMOCTH TMOJIh30BaAThCS MOCTOPOHHUM MAarHUTHBIM KOMIIACOM M 3aTeM
BBICTABJISITh MAarHUTHBIA KypC Ha KYpPCOBOM CHCTEME BpPYYHYIO C MOMOIIBIO
3amatyuka Kypca. JlocratouHo yctaHoBuTh pexuM «MK» (mogkmrouutcs
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MarHuTHas KOPPEKIHs), HakaTh KHOIKY COTJIACOBaHMS (OCh TMPOCKOIA OBICTPO
YCTAaHOBUTCS TI0 MAarHUTHOMY MEpPHJIMAaHy) U TMEPEKIIOUYUTh CUCTEMY B PEXKUM
«I'TIK». TIpu »TOM MarHuTHas KOPPEKIUsS OTKIIOYUTCS, a OChb THPOCKOMa OyaeT
COXpaHsTh BBICTaBJICHHOE HAIIPaBJICHUE.

5.15. Pe:xuM MArHUTHOM KOppPeKIHHU

Kak yxe ormeuanocs, B pexume «I'TIK» KypcoBas cuctema paboraer
aHAJIOTUYHO OOBIYHOMY THPOIOIYKOMIIACy, MOSTOMY STOT PEXUM HE TpeOyeT
JOTIOJIHUTENIBHOTO OTIEJIBHOTO PACCMOTPEHUS.

PaccmoTpum paboTy KypCcOBOM CUCTEMBI B PEKUME MArHUTHOW KOPPEKIIUU,
B KOTOpOM Haubojee SpKO TMPOSBISIIOTCS  JOCTOMHCTBA COBMECTHOTO
UCIIOJB30BaHUsl  MOJOXKUTEIBHBIX ~ CTOPOH  KAaK  MAarHATHOIO, TaK U
TMPOCKONIUYECKOT0 IPUHIUIIOB U3MEPEHU Kypca.

d

g
&

nao-2 KM r-3m
Puc. 5.46. PaboTa KypcOBOI CUCTEMBI B PEKUME MATHUTHON KOPPEKLINH

B pexnme «MK» 3anelicTBOBaHbI BCE OCHOBHBIE YaCTH KypPCOBOM CHUCTEMBI
(puc. 5.46). Haunem paccMoTpeHre pabOTHI JAHHOTO peXKUMa ¢ KOHIIA.

B mnepByro ouepenb Hy>KHO MMEThb B BHUJAY, UTO HA yKazamensax 6cezod,
He3a8UCUMO OM pexcuma pabomvl cUCmeMbl, UHOUYUPYEMCS KYPC, PABHbLU Y2y
MedHcoy 0Cblo 2UPOCKONA U NPOOOJbHOU OCblo camonema. Tak ke CHEeNaHo U B
OOBIYHBIX THpoModykommacax, Hanpumep, B I'TIK-52. Ho B I'TIK-52 u B pexume
«I'TIK» KypcoBOW CHCTEMBI THUPOCKON OCTA€TCSI CBOOOJHBIM U COXPaHSET
HalpaBJICHHWE MEpHUIMAHAa HadyalbHOW BbICTaBKU. B pexume «MK» oH He
COXpaHSIeT BBICTABJICHHOE TMOJOKEHHE, a  «IO0 TMOJCKA3Ke» HWHIYKIHUOHHOTO
JaTYuKa B MPOLECCE IMOJETA HENpPepblGHO OpPUEHMUPYEmcs No HANPAGIeHUIO
meKywe2o0 MAcHUmMHO20 Mepuouana. Ty 3afady pellaeT ciensdias CUCTeMa,
KOTOpasi paboTaeT CJIeIYIOIUM 00pa30M.

NHAyKIMOHHBIN [aT4MK U3MEpsSEeT KOMIIACHBIM KypC, KOTOpbIA B BHIE
AIEKTPUUECKOTO CUTHaNa 4Yepe3 KOPPEKUMOHHBIM MEXaHU3M TOCTYIMaeT B
rupoarperaT. llockoiibKy  HOpManbHash ~ CTaTUYecKas  JeBHUALMsS  MOcCIe
KOPPEKIIMOHHOTO0 MEXaHM3Ma YK€ IMOJHOCThIO WM YacTUYHO ycTpaHeHa, Oyaem
Ha3bIBaTh €r0 MarHUTHBIM KypcoM. Ecnu HampaBieHue ocu rupockona B I'A He
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COBIAJAET C HAPABJICHUEM MAarHUTHOIO MepuauaHa, koropoe onpenenua U/, To
HauMHaeT paboTaTh AJIEKTPOJABUraTeNb cieisiend cucreMbl. OH cO34a€T MOMEHT
CHJI, KOTOPBIN pa3BOpa4YMBacT OCh TMPOCKOIIA B CTOPOHY MepuAnaHa. A IMWIOT, KakK
y’K€ OTMEYaJIOCh, U BHJUT Ha yKaszaTele Kypca Yrojl MEXAy OChbK TMpocKoma U
npoaosibHOM ockio BC.

Takum oOpa3oMm, Ha NPOTSHKEHUM BCErO TMOJETa CleAsias cucrema
CTPEMMTCS yIEPKUBATH OCh TMPOCKOIIA 110 HANPABJICHUIO MarHUTHOTO MEpUAraHa
MecTa caMoJieTa W, CJIEJOBaTEelIbHO, HAa YyKazareje JOJDKEH HHIWLHUPOBATHCA
TEKYIIMA MarHUTHBIA KypC.

MoxeT BO3HUKHYTh BOIPOC, a KaKOBa TyT BOOOIIE PoJib TUpockona? 3auemM
HY’)KHO CHayaja pa3BOpAavMBaTh OCh TMPOCKONA IO MEpPUIUAHy, a MOTOM YXKe
MOKa3bIBaTh OT 3TOW ocH Kypc? He mpoiue im cpa3y CUrHall, COOTBETCTBYIOIINN
MarHuTHOMY Kypcy, nojgate oT KM Ha yka3zatens? Koneuno, moxxno. Ho Takoit
MarHUTHBIM Kypc BKJIO4YaJl Obl B ce0s Bce ciydailHble (DIyKTyalluOHHbIE
IOTPEUIHOCTH H3-32 YCKOPUTEIBHOM M KPEHOBOW [E€BHALIMM, BIIMSHUS IIOJIEH,
CO3JaBaEMbIX JJIEKTPUYECKHMM LEnsMU camoiera, u T.a1. [loatomy naxe mnpu
CTPOTO MPSIMOJIMHEMHOM IIOJIETE TaKOM Kypc Ha YyKa3aTelle HENpPEpPbIBHO Obl
U3MEHSAJICS, CTAHOBSACH TO OOJIblIE, TO MEHbIE (PaKTUYECKOTo. A Beab MUJIOT
JOJKEH BBIJIEP’KUBATh 3aJaHHBIN eMy Kypc. EMy Obl npunuiocs, padotas pysMmu,
HENPEPHIBHO OTCJIEKUBATH BCE 3TU KOJIEOaHUs Kypca, «TOHSSCH» 3a 3aJjaHHbIM. B
pesynbrare BC Ha caMoM fiene neTeno Obl yKe He MPSMOIHHENHO.

N36aBUTHCS OT MENKUX KOJIEOAHUI MAarHUTHOTO Kypca Kak pa3 MO3BOJISET
rupockor. OCHOBHas HJies 3aKII0YaeTcs B TOM, YTO COIVIACOBAHME MAarHUTHOTO
(u3mepenHoro MJI) u rupockonuueckoro (OTCUUTHIBAEMOIO OT OCH THPOCKOTA)
KypPCOB OCYIIECTBIISIETCA OYE€Hb MEUIEHHO. [[BHrareins MexXaHWM3Ma MarHUTHOU
KOPPEKILUHU MMOBOPAUYMBAET OCh THPOCKONA B CTOPOHY MAarHUTHOTO MEpUIUaHa CO
CKOPOCTBIO 1-5° 6 Munymy u u3-3a TaKOil MaJ€HbKOW CKOPOCTH TMPOCKOI MPOCTO
He ycnesaem OTCIEKUBATh OBICTPOMEHSIONINECS MOTPEeIIHOCTU Kypca. Hampumep,
BO3HMKJIA J€BHALMS BEJIIMYMHON +5°, TO €CTh Ha TaKyl BEIMYHMHY Pa30LLINCh
3HAYEHUs] THPOCKOMUYECKOTO U M3MEPEHHOT0 MAarHUTHOIO (KOMIIACHOI'0) KypCOB.
JIBurarenb TyT K€ Ha4yHET MOBOPAYMBATh OCb THMPOCKOIA TaK, YTOOBI YCTPAHUTH
3TO pacxoxkaeHue. Ho He ycreer oH €ero yCTpaHuTh, KakK MOIPENIHOCTh, BO3MOXKHO,
IPUHSIIA YKE JPYTYI0 BEJIIMYMHY M IIPOTHBOIOJOXKHBIN 3HaK. M 1BUrarens, Tak U
HE YCIIEB 3HAUYMUTEJIbHO OTBECTH OCh TMPOCKOMA OT MEPBOHAYAIBHOIO MOJIOKEHUS,
OyZeT Ternepb MOBOpPAYMBaTh 3Ty OChb YK€ B APYTyl CTOpOHY. Takum oGpazom,
TUPOCKONl Kak Obl CriaxuBaer, JeMndupyer, (UIbTPYET MOTPEIIHOCTH.
BenenctBue 3TOrO MHAMLMPYEMBIM Ha yKaszaTelle Kypc sBJseTcs OoJee
yCTOMYMBBIM, OOJiee MUIABHO MEHSIOMMMCS U Oojiee OMM3KUM K (DaKTUUECKOMY
MAarHUTHOMY Kypcy. Takoi CriIaXeHHbId THMPOCKOIIOM KypC Ha3bIBAaIOT

UPOMACHUMHBIM.
Takolt cuMOMO3 MArHUTHOTO W THUPOCKOMUYECKOTO JAaTYMKOB Kypca
MO3BOJISIET B3aMMHO KOMIIEHCUPOBAaTh HMX HEIOCTAaTKU U HCMOJIb30BaTh

JIOCTOMHCTBA. ['MpOCKON «HE 3HAET» HAIMpaBJICHHUS MArHUTHOTO MEPUAUAHA, HO
eMy «rojcka3biBaeT» MJI, ycTpaHsst 3a0lHO W YXOJ THPOCKONA M3-3a BpallCHUs
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3emnu. B cBOIO ouepenb, TMPOCKON (QPHIBTPYET MOrPEHIHOCTH MarHUTHOTO Kypca,
nocrynaromero ot M/,

Takum o00pa3om, riaaBHyIO poib B pexume «MK» urpaer manas ckopocTb
COTJIaCOBaHMUSI TMPOCKOMUYECKOTO0 W MarHUTHOro KypcoB. Ho mHorma tpeGyercs
Oonpiias ckopocTh. Hampumep, mNpu BKIIOYEHHUHM KYpCOBOM CHCTEMBI OCh
TUPOCKONAa HAXOOUTCA B MPOU3BOJIBHOM IIOJIO)KEHUM M MOXKET HA JECATKHU
rpaflycoB OTCTOATh OT HAIpaBJIICHUS MArHUTHOrO Mepuanana. KoHeuHo,
JIBUTaTelb, B KOHIE KOHIIOB, IPUBEIET €€ K HY)KHOMY IOJIOKEHHIO, HO 3TO MOKET
3aHATh OYEHb MHOIO BpeMeHH. JlJi1 Toro, 4roObl COrJIacOBaHHUE IMPOXOIHIIO
ObICTpee, HMMEETCSl «KHOMKA OBICTPOrO COIrJIacOBaHUs», KOTOpas B HaKaToOM
MOJIOKEHUH YBEJIIMUMBAET CKOPOCTh pa0dOTHI CEASIIEH cucTeMbl MpuMepHO 10 10°
6 cexkyHoy. Ocb THpOCKONMa OBICTPO YCTAHABIMBAECTCA [0 HAIMPABJICHUIO
MAarHATHOTO MEPUAUAHA U YKA3aTellb MIOKaXET MarHuTHBIN Kypce. [Ipn oTimyckanumn
Ha)KaTOM KHOIIKM CKOPOCTh COTJIACOBAHUSI BHOBb CTAHOBUTCS MeIJICHHOW. KHomKa
COIJIACOBAaHUSl MCHOJNB3YyEeTCd W B IOJIETE BCAKUHA pa3, Korja HYXXHO OBICTPO
MPUBECTU OCh TUPOCKONA K TEKYIIEMY MarHUITHOMY MEpUANaHy (Harpumep, mocie
pa3BopoTa).

Bo Bpemsi pa3BopoTa BO3HHMKaeT YCKOPHUTENbHAsl JAeBUAIUs (ITOBOPOTHAs
omrOKa) MHAYKIIMOHHOTO JaTdydKa, KOTOpas MOXKET JOCTUraTh 3HAYUTENIbHBIX
BeJIMYMH. B aTOM Ccitydae 3a Bpems pazBopora /I MoxeT «yBecTn» OCb TUPOCKOIIA
OT HACTOSILIEr0 MAarHUTHOTO MepuauaHa. YToObl ATOro HE MPOUCXOIUIIO, YXKE
YIOMHHaBLIMIICS BbIKII0YaTenb koppekunu (BK) dyepe3 HecKoJbKO CeKyH[ mociie
Hayajga pa3BopOTa aBTOMATHUYECKH OTKJIIOYAET MATHUTHYIO KOPPEKLHIO, TO €CTh
paspbiBaeT cBsizu U] ¢ rupoarperatom. ['mpockon CTaHOBUTCSI CBOOOJHBIM, TO
ecThb BeneT ce0s kak B pexume « 'TIK», coxpansst To HarpaBieHUe, KOTOpoe ObLIO
B MOMEHT OTKJItOUeHMS. HO M caM rHpOCKOII, Kak N3BECTHO, MOJIBEPIKEH BUPAKHON
MOTPENTHOCTH, BBI3BIBAEMOM pPaOOTONW MEXaHW3Ma TOPU3OHTAIBLHON KOPPEKIUU.
MN3-3a Hee OH BO BpeMsS pa3BOPOTA MOXKET YUTH OT 3aJaHHOTO HANPABIICHUS.
YUtobObl »TOTO HE mpomcxomuio, TOT ke BK BbIKIIOWaET ©W MEXaHU3M
TOPU30HTAIBLHOU KOPPEKIUU (KUIKOCTHON MAaSTHUKOBBIN MEPEKITIOUATENb ).

Koraa BC Beio u3 pazsopora, BK BkiroyaeT 06a Bua KOppeKIuu U OCh
TUPOCKONIA BHOBb  MPOJOJDKAET OTCICKHMBATh HAIPaBICHUE MArHUTHOIO
MEpHUINaHA.

5.16. XapakTepHCTHKA HEKOTOPHIX KyPCOBBIX CHCTEM

T'upounoyxkyuonnwviit komnac 'HK-1. Xota 1o Ha3BaHUIO 3TOT KypCOBOM
npuodop SBISETCA KOMIIACOM, HO MO CYTH — 3TO KypCOBasi CHCTEMa, MOCKOJBKY
3/1€Chb OJTHOBPEMEHHO MCIIOJIB3YIOTCSI MAarHUTHBIA U TUPOCKONIMYECKUN TTPUHLIUIIBI
u3MepeHus: kypca. Ho ata kypcoBasi cucrema Bcerja paboTaeT moibko 8 0OHOM
pedicume — PEeKUME MarHUTHOM KOPPEKLUH, MO3TOMY IIEPEKIII0YaTeNb PEKUMOB
Ha IyJIbTE YIIPABICHHS 3TUM KOMIIACOM OTCYTCTBYET, KaK, BIIPOYEM, U CaM ITyJIbT
ynpaBnenusi. M3 opranoB ympasinenuss [MIK-1 uMeer TONbKO JBE KHONKH
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COTJIaCOBaHMSI, KOTOPHIE PACIIONArar0TCs MPSMO Ha TPUOOPHBIX MAHEISAX JIEBOTO U
npaBoro NuioToB. Bkioyaercs komnac TymOi1epoM apromara 3aimuthl cet (A3C)
Ha oOment manemn A3C.

['MK-1 BxiatowaeT B ce0si  CIEIYIOUIME OCHOBHBIE COCTaBIISIOIIUE:
MHIYKIAOHHBIM JaTYMK, KOPPEKIMOHHBIA MeXxaHu3M, rupoarperat [-3M,
BbIKTIOUaTenb Koppekunu BK-53PIII. B kadecTBe ykazarene Kypca MOTYT
UCIIOJIb30BaThCs MHAMKATOpbl pasHoro Buaa (YK-3, VI'K-2, VI'P-1 u np.) B
3apucuMoctd oT Tuna BC. HauGomee wacto ucmomb3yercs ykazarenb YI'P-1
(puc.5.47).

Puc. 5.47. Ykazarens kypca YI'P-1

Ha »sTom ykazatene mkama otrcueroB Bpamfatomiasics (kak y I'TIK-52), a
TUPOMAarHUTHBIM KypC OTCUMTBHIBAETCS HAMPOTUB HEMOABUKHOIO TPEYTrOJIBLHOIO
UHJeKca B BepxHel yactu npubopa. Ha ykaszatene umeercs kypcozadamuuk (HE
nyTaTh C 3aJIaTYUKOM Kypca), MPEACTABISIONIMN CcO0O0M JBONWHYIO CTpEIKY
(T1aHKy), KOTOPYIO MIJIOT C MIOMOIIIBIO0 KPEMaJIbephl MOXKET YCTAHOBUTH Ha JII000€
3aJlaHHO€ 3HadeHue Kypca Ha mwmkaie. Kypco3agaruyuk o0Jier4aer mnuiaoTy
BBIJICP’)KMBAHKUE 33aJaHHOTO Kypca. EMy st s3Toro He Tpedyercs HEmpepbIBHO
OTCUMTBHIBATh UHCIEHHOE 3HaueHWe Kypca Ha wkane. Ilocne ycTaHOBKH
Kypco3agaTuuka muioT pa3BopauuBaeT BC Tak, 4ToOBI KypcO3aIaTyuK, KOTOPBIN
BpallaeTcsi BMECTE CO IIKAJIOW, COBMECTHIICA C TPEYrOJIbHBIM MHJIEKCOM OTCYETa
Kypca, W BBIIEPKUBAET UX B IOJIET€ COBMELIEHHBIMU. JTO OCOOEHHO YAOOHO
HOYbIO, IOCKOJBbKY KYypCO3aJaTYUK U MHJIEKC MOKPHITH (IH00PECHUPYIOIIUM
COCTABOM.

Ha VI'P-1 takke BBIHECEHaA CTpEiKa, KOTopas OToOpakaeT MH(OpMAIHIO
COBCEM OT JPYroro yCTPOMCTBa —  aBTOMATHYECKOTO paJvoKoMmaca. ITO
o0neryaer pelieHue HEKOTOPbIX  HaBUTalMOHHBIX  3anad. CoBMeCTHOe
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WCIIOJIb30BAaHUE PAJMOKOMIIaca M KYPCOBBIX MPUOOPOB OymeT mOoapoOHO
pPacCMOTPEHO B JPYrMX 4YacTSAX JAHHOTO Y4YeOHOro mocoOusi, IMOCBSIIEHHBIX
pagOHABUTALINH.

Ha nexoropsix tumax BC, nHampumep Ha AH-24, B KauecTBE yKa3aTens
CIIYUT KOMOMHUpPOBaHHBIM TminoTaxHbii npudop (KIIIIM), Ha kotopoM Kypc
UHIUIUPYETCS HEOONbIION MOJABUKHOM CTPENIKOM, MepeMenaronieiicss mo mkane
(puc.5.48). Ha KIIIIM Takxke BbiHECeHa HUHMoOpManus OT OOPTOBOTO
obopynoBaHus, pabOTAIOMIET0 C HA3eMHOW PaJMOMAsYHONW CHCTEMOH IOCAIKH.
BeptukanpHas uW TOpU3OHTANbHAS IUIAHKK B IIEHTpEe NpuOOpa IMOKa3bIBAIOT
otkioneane BC oT 3amaHHON TpaeKTOpuHM 3axoja Ha Mocaaky. Paborta 3Toit
CUCTEMBI OYZIeT pacCCMOTPEHA B CIAEAYIOIINX YaCTAX JaHHOTO Y4eOHOT0 mocoOusl.

Puc 5.48. KomOuHMpoBaHHbIi nuinoTaxHeii mpubop KIITIM

Crnenyetr OTMETUTh, YTO B JIFOOOM aBUAIIMOHHOM TIPHOOpPE yKa3aTeiab XOTS U
HEO0OXOUMBIN, HO B OTPEJICTICHHOM CMBICJIE BTOPOCTENIEHHBIN 35ieMeHT. OuH TUIT
yKazaTelss MOXeT ObITh 3aMEHEH Ha Apyrou B 3aBucuMocTH oT Tuna BC, coctaBa
ero obopynoBaHusi U T.1. Jlnms cokpaiieHuss KojJudecTBa NMpuOOPOB B KaOHWHE
JIETHOTO JKHUIaXa 4acTo MH(OpPMAIMI0 OT pa3HbIX MPUOOPOB BHIHOCAT HAa OJIMH
ykazarenp, kak B npumepe ¢ YI'P-1 u KIIIIM. Ha coBpemeHHBIX camoneTax
KypCOBOM TIprOOp MOKET M BOOOIIE HE MMETh COOCTBEHHOTO WHAMKATOpa. B 3TOM
cinydae wHGOpMAIHs OT HETO OTOOpakaeTcsl Ha JUCIUIEE CHCTEMBI DJICKTPOHHOU
WHJIMKAIlMA BMECTe ¢ MH(popMaluei oT Ipyrux npudopos,.

Kypcoeaa cucmema I'MK-1. Moxer yCTaHAaBIMBAaThCS Ha TaKUX
camosietax, kak Ak-40, Ax-18, x-52 m npyrux, a TakKe Ha BEpPTOJIETaX.
CymectByeT He MeHee IMITH Moaudukanuii 3Toil kypcoBoi cuctembl (IMK-1A,
I'MK-1T, TMK-1T'D u ap.). [lpunuun nefdcTBus y HUX OAMHAKOB, Pa3IMYarOTCs
)K€ OHM TEeM, 4YTO MOTYT WMETh B CBOEM coOcCTaBe JuOO OJMH, JUOO [Ba
UHAYKIIMOHHBIX aatunka WMJI-3, omun nmbo nBa rupoarperata ['A-6. Bo Bcex
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Moaudukanusx npucyTcTBYIOT pexumbl «MK» u «['TIK», a B HeKOTOpbIX nMeeTcst
nu pexuM «AK», KoTOpblii, BIpoYeM, BCE paBHO HE 3aJCHCTBOBAH.
COOTBETCTBEHHO HECKOJIBKO pa3jinyaeTcs W BHUJ NyJibTa ynpasieHus. Ha Hem
pacrnionaratorcst  nepekitouatenb  pexxuMoB  («MK»-«I'TIK»), nepexmtouaTensb
«CeBep»-«lOr», MUPOTHBIA MOTEHIMOMETP, 3aJaT4YUK Kypca, TymoOiep
«0—KoHuTtp.—300» 11s1 mpeAmnoJIeTHOr0 KOHTPOJS CHUCTEMbI, CUTHAJIBHBIC JIAMIIbI
3aBayia rupoarperata (oTkasza). B cucremax c JIByMs rupoarperaTaMud HMEETCS
nepekioyaTens «OcH. —3arLy.

Knonka cornmacoBanusi B 3TOM KypcOBOM cucteme OTCyTcTBYeT. Ee ponb B
pexume «MK» urpaer 3agatumk Kypca, koTtopbid B pexxume «['TIK» Beimonnser
CBOIO OCHOBHYIO (DYHKITHUIO.

B kauectBe ykazatens kypca ucnosib3dyercss YI'P-4VK, ananoruyssiii mno
Ha3Ha4YeHUIO ykaszaremo YI'P-1. MoryT ucnosnb30BaTeCa U Ipyrue yKa3aTemiu.

Kypcosaa cucmema KC-6. Ota KypcoBas cucrema, a Takxke ee
ycoBepieHcTBoBaHHbIe Moubukaiu KC-8, KC-10, Ha mpoTs>)KeHUH MHOTHUX JIET
yCTaHaBiIMBajach Ha camoiierax Un-18, An-12, Ty-134 u npyrux.

B cocraB cucrteMbl BXOASAT YK€ PACCMOTPEHHBIE  YCTPOWCTBA!
WHAYKIUOHHBIM gaTtuuk MJ[-3, koppekuuoHHbIM wMexanusm KM-4, nynbt
ynpasienus, aBa rupoarperata ['A-1 — «OcHoBHOW» U «3amacHoii». Ha3Banus
rupoarperaTtoB ycioBHble. [l0 KOHCTpYKIIMM OHU OJAMHAKOBHI U JIFOOOW M3 HHX
MOXET UCIIOIb30BAThCS JJIsl HABUTALIMH.

OcHOBHBIM yKazareneM sBisieTcsl ykazarenab mrtypMana (YIL), xotopsiid
yCTaHABJIIMBAETCSI Ha NpUOOpHOM Jocke MmTypmaHa (puc. 5.49). Kypc
OTCUMTBIBACTCS IO BpaIllAlOIIEHCs MIKajde HAPOTUB TPEYTOJbHOr0 MHACKcA. Bun
Kypca (TMpOMarHUTHBIA WM OPTOAPOMUYECKUI) 3aBHCHT OT pPEXHMa pPadOThI
cucrembl. Ha VYIII umeercss kpemanbepa W JONOJHUTENbHAS IIKalda JJIs BBOJA B
3HAYEHUE MHIULHUPYEMOIO Kypca MarHUTHOTO CKJIOHEHUs. Ecnu yctaHoBuTh AM,
to mokazaHusi YIII, a Takke mokazaHus TOBTOpUTENEH Kypca Ha TpUOOpHOU
JIOCKE MUJIOTOB, YBEINYATCA HA BEJIMYMHY MAarHUTHOTO CKJIIOHEHHSI.

Ha nynere ynpasnenus (puc 5.50) pa3MenieHsl: NepeKiovaTesib PeKUMOB,
3aaT4uK Kypca, nepekimtouarenb «CeBep—HOr» M IMPOTHBIA MOTEHLIMOMETP,
nepexaovarenb  «OcHOBHOW—3amacHOW»,  KHOmNKa  corjlacoBaHus.  Jlid
pPEryJIMPOBKM YXOJa THUPOCKONA Ha IMyJbT YIPABJICHUS BBIHECEHBI W OCHU
OaJIaHCUPOBOYHBIX  TMOTEHIUOMETPOB. VX  peryiupoBKa  OCYIIECTBIAETCS
OTBEPTKON TOJIBKO TEXHUYECKUM COCTABOM.

PaccmoTtpum Bo3MokHOCTH, KOTOphle MMeeT KC-6 Onarojmapsi Haauduio
IByX rupoarperaroB. I[Ipexae Bcero HeoOXOAUMO TMOMHHUTH, YTO HAa OCHOBHOM
ykazarene kypca YU Bcerma uumouyupyemcs Kypc om moeo cupoazpezamd,
Komopuwlil 8vicmasnen nepexaoyamenem « OchosHou—3anactuou». ITOT XKE KypcC
yxe or YIII uper Ha MOBTOpUTENM MNWIOTOB (HAaIpUMEp, HA HABUTAlIMOHHBIM
kypcoBoii ipubop HKII-4 camonera Ty-134) u B aBTOMUIOT. DTOT TUpoOarperat
pabomaem 6 mom pexicume, KOMOPbld YCMAHOBIEH NePeKIiodamenem peicumos —
«MK» unmu «I'TIK» (pexum «AK» He 3ameiicTBoBaH). BTopoil rupoarperar B 3T0
BpeMs pabOTaeT 8 NPOMuUBONON0NHCHOM pedxcuMe, HO U3MEPEHHBIM UM Kypc HU Ha
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V1, o1 Ha yKa3aTeysiX NUJI0TOB HE HHAULIUPYETCS.

)" NACOBAHNE

Puc. 5.50. [Tynet ynpasnenus KC-6 (KC-8, KC-10)
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Paccmorpum  mpumep.  [Jomyctum, ycraHoBieH pexnMm  «MK», a
MEPEKIII0YATENb TUPOArPEraToB B MOJIOKEHUU «3amacHOW». JTO O3HA4YaeT, 4To
rupoarperaTr, Ha3blBaeMbli 3amacHbIM (HAllOMHHMM, 4TO 00a Tupoarperara Ha
caMOM JIeJie PaBHOIICHHBI), pab0OTaeT B PEKMME MArHUTHON KOPPEKIUHU, TO €CTh
OChb THPOCKONA OTCJICKMBAET HAMPABJICHUE TEKYIIETO0 MAarHUTHOIO MEpPHUANAHA.
Kypc ot aToro rupoarperara, ToO €CTh YTOJ MEXIY OCbIO rupockomna u ocbto BC,
noctynaer Ha YIII, a oT HEro m Ha yka3aTeiau NWIOTOB U B aBTONMWIOT. B 310 *xe
BpeMsl BTOpPOHM rupoarperar, B HaieMm npumepe « OCHOBHOI», pab0OTaeT B pekuMe
«I'TIK», TO ecTh OChb TMPOCKOIIA COXPAHSET HAIPABJICHUE OIMOPHOrO MEPUAMAHA
(ecniz oHa ObUTa MO HEMY BHayasie BbIcTaBieHa). Ho Kypc oT 3Toro rupoarperara
HUT/E HE UHIULAPYETCH.

UTto mpown3ouAeT, €ciM B JAHHOM INPUMEPE YCTAHOBUTH IEPEKIIOYATEIb
pexxumoB B mnosioxkeHue «ITIK», ocraBuB mnepexiroyaTeslb TUPOArperartoB B
npexxHeM  nojiokeHuun — «3amacHoi»? Ha VI  Oymer  mo-mpexxHemy
VHJIMIMPOBATBCA KypC OT 3allaCHOrO Tupoarperara, HO Telepb MarHUTHas
KOPpEKILIHs OT HEro OTKJII0UEHA, OCh TMPOCKONa OyAeT COXPAaHATh TO IMOJIOKEHUE,
KOTOpO€ OHa HMeJla B MOMEHT MNepeKiroueHus pexuma. CrenoBaTelbHoO,
MarHUTHBIM MEpHUJIMAH TOYKH TEPEKIIOYeHUs] OylneT SBISAThCA OIMOPHBIM
MEpUIMAHOM, 10 KOTOPOMY BBICTABJIEHA OCb T'MPOCKOIIA U OT KOoTOoporo Ha YIII
VHIULUPYETCS OPTOAPOMHUUYECKHM Kypc. A OCHOBHOU THpoarperat aBTOMaTH4eCKH
nepenen B pekKMM MATHATHOW KOPPEKIHMHM M HAdall OTCIIEKMBATh HANPABICHUE
TEKYILETO MarHUTHOI'O MEPHUINAHA.

Jlanee, eciM Temepb IOCTaBUTh IEPEKIIOYATENIb THUPOArperaToB B
nonoxkenne «OcHoBHOM», octaBuB pexuMm «['TIK», To Ttemepr VYIII Oyner
WHJALIHAPOBATH KypPC OT OCHOBHOTI'O THUpoarperara. /J[o 3Toro MOMEHTa OH B PEXKUME
MAarHATHOW KOPPEKLIHMHM OTCJIEKUBAJ MarHUTHBIM MEPHUIMAH, HO C MOMEHTa
nepeksoueHuss oH Oyner paborate B pexkume «['TIK» (mockoyibKy 3TOT pexum
YCTaHOBJIEH Ha MYJbTE), TO €CTh COXPaHATh HaIlpaBJI€HUE, KOTOPOE Y HEro ObLIO B
MOMEHT TEPEKIIOUEHHUs. 3amacHo ke rupoarperar nepekiarouutcs B «MK» u
OyZeT OTCIeKMBATh HAMIPaBJICHUE MAarHUTHOTO MEpUIaHA.

Takum oOpazoM, oauH M3 TrUpoarperatoB Bcerma padortaetr B «MK», a
napyroit B «I'TIK», Ho na YIII u noBTopuTensx oTodpaxaeTcsi Kypc TOIBKO OT TOTO
13 HUX, KOTOPBIN yCTaHOBJIEH NepekitouaresieM « OCHOBHON—3anacHon.

B cocTtaB KypcoBOW CHCTEMBI BXOIAT M APYTrHE ykKas3aTenu. B wacTtHocTH,
BCIIOMOTaTeNnbHbll  ykazatenb YI'A-1 (puc. 5.51) wumeer naBe CTpenku,
o0o3HaueHHble OykBamu «I» u «A». Crtpenka «[», HE3aBUCHUMO OT pexXHuMa
paboOThl CUCTEMBI, BCErJa MOKa3bIBAET KypC OT TOTO U3 TUPOArperaToB, KOTOPHIA B
JTAHHBI MOMEHT paboTaeT B pexxume « MK», To ecTb rHpoMarHuTHBIN Kypc.

Crpenka «A» mMoria Obl MOKa3bIBaTh UCTUHHBIA KypC OT aCTPOHOMUYECKOTO
KOMITaca, eci Obl OH OBbLT YCTAHOBIICH HA CaMOJIETE.



Puc. 5.51. Ykazarens YI'A-1

Kypcosaa cucmema TKC-II2. YcraHaBnuBaeTCs Ha TaKUX CaMOJIETaX, KaKk
Ty-154, Un-76, Un-62. Ao6OpeBuarypa TKC pacmmdpoBbiBaeTcs Kak TOYHas
KypcoBasi CUCT€Ma. DTO Ha3BAHUE CBSI3AHO C MOHUYKEHHBIM COOCTBEHHBIM YXOJI0M
TUPOCKOIOB 3TOM cucteMe (omycTumas ckopocts 0,5°/4).

B sTOll KypcOBOW cHUCTEME TakKe JBa PABHOLEHHBIX TUpoarperara, HO
Ha3bpIBalOTCsl OHU «OcHOBHOW» U «KoHTpONbHBI». B oTiMuume OT KypcoBou
cucteMbl KC-6, B KOTOpOW KaXKIblii THpoarperar MOXeT MOCTOSHHO paboTaTh
m6o B pexume «I'TIK», mu6o B pexxume «MK», B TKC-I12 oba eupoacpecama
pabomarom nocmosHuo 6 pexcume «lTIKy. Pexum «MK» ncronb3yeTcs: TOIbKO
KPAaTKOBPEMEHHO JJIsI HA4aJdbHOM BBICTABKM T'MPOCKOIOB WIIM MX KOPPEKUUU B
nosiere. Takum 0Opa3om, o0a rupoarperara MHAUIUPYIOT OPTOAPOMUUYECKHUI KypC
OT T€X OIMOPHBIX MEPHUJMAHOB, MO KOTOPHIM OHM BBICTaBJIeHbl. Ha mpakTuke ux
BBICTABIIAIOT 10 OJHOMY M TOMY JK€ MEpPUIMAHYy U IMYTEM CpaBHEHUS
KOHTPOJIMPYIOT UX MTOKA3aHUA.

OcHoBHBIM ykazatenem sBisercs YII-3 ¢ HenmoaBwkHOM mIKanol (puc.
5.52). OproapoMuuecKuii Kypc OT OCHOBHOTO THpoarperara HHIUIUPYET CTPeIKa
B (popMe CHITydTa caMoJjieTa ¢ Haanuchbio «K», a OT KOHTPOJIBHOTO rupoarperara —
TPEYTOJbHBIA UHACKC, Nepemematomuiics no mkane. Ha YIII-3 BeiBoguTcs Takxke
uHpopMamuss OT JOTUIEPOBCKOTO wm3Meputeniss ckopocth W cHoca (AWCC).
[TocTynmarommi OT 3TOTO YCTPOMCTBA YroJl CHOCA CYMMHUPYETCS C KypCcOM OT
OCHOBHOTO THpoarperata. [lomydeHHBI TakuM 00pa3oM (HaKTUUECKUN MyTEeBOU
YIroJI UHIAWLMPYETCS CTPENKOW ¢ Haamuchro «II1Y», a yrom mexnay crpeinkamu
«IT¥Y» n «K» paBeH yriy cHoca.

Hecmotpst Ha TO, uTo 00a rupoarperata B TojieTe pabOTAIOT B PEKUME
«I'TIK», trupomarautHbeiii kypc B TKC-II Ttaxxe dopmupyercs. s sToro
npeaHa3HayeH 070K rupoMarHuTHOM koppekuuu bI'MK-2, koTopbiii «ocpeaHsieT»
MarHuTHeld Kypc, nocrynaronmid or MHJ/-3 u KM-5 ¢ wucnons3oBanuem
rupoarperatoB ['A-3. TlomydeHHbI TakuM 00pa30oM THPOMArHUTHBIA Kypc
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UHAULUpPYeTCsd Ha uHAukarope KypcoBblx yriioB MKVY-1 (oH ke Ha3bpiBaercs
paaroOMarHuTHBIM UHAUKATOpOM) (puc. 5.53), koTopslit HEe BXoauT B coctaB TKC-
[12, a sBIII€TCS COCTAaBHOM YacThio Apyroro obopynoBanus — «Kypc-MID».
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Puc. 5.52. Ykazarens mrypmana YIII1-3

Bup ykazareneit nunoroB 3aBucut ot tuna BC. Ha camonere Ty-154 ux
pOJIb UrparoT IJIaHOBbIE HaBUranuoHHsele npuodops! [THII-1, Bxoxsmme B cocTas
CUCTEMBI TPAEKTOPHOI'O YIIpaBJIEHUs 3TOro camosiera. Cpeau pa3iavyvHbIX BUIOB
uH(popMauu, 0ToOpaxaeMoil Ha ITUX yKa3aTessX, UHIULIUPYETCS TaKXKe U Kypc.
Bun kypca BbiOupaer nunoT nepekiouareneM «[MK-TTIK». CooTBeTcTBEHHO

WHIALIAPYETCA TUPOMATHUTHBIM KypC, MOJy4eHHbIM ¢ nomompto bI'MK-2, nimm
OPTOAPOMHYECKHN KypC HEMOCPEICTBEHHO OT TMPOArperaTos.

[lynbT ynpaBiaeHusi CUCTEMOM MMEET MEepEeKIIoYaTeb PEKUMOB padOThl Ha
Tpu nosioxkeHus: (pexxum «AK» He 3amelicTBOBaH), 3aJaT4MK Kypca, KHOIKY
coriacoBanus (puc. 5.54). lkayna mMUpOTHOrO0 NOTEHIIMOMETPA UMEET OLIMPPOBKY
KaK CEeBEPHOI, TaK U F0’)KHOM MIMPOT, BCIAEACTBHE YETO OTIAJaeT HEOOXOAUMOCTb B
nepekaoyarene «Cesep—IOr». K mumpoTHOMY NOTEHIIMOMETPY OTHOCHUTCS TaKkKe
TymOsep «ABT. —Pyun.». [Ipu ycTaHOBKE IIUPOTHI BPYUHYIO OH JIOJKEH CTOSITH B

ATOT PEKUM HE 3aJICMCTBOBAH.

nonoxkeHnn «Pydn.». IlonoxkeHne «ABT.» MpelHA3HAYEHO NI aBTOMAaTHUYECKOTO
MOCTYIUICHUSI TEKYIIEW MIHUPOTHI, PACCUNTAHHOW CUCTEMOM CUHCIIEHUS IyTH, HO
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Puc. 5.54. IlyneT ynpaBnenus kypcoBoi cuctembl TKC-II

B ormmume or KC-6, ma nynere ympasinenuss TKC-II2 umeercs nBa
nepexmouarenss «OcH. —Kont.». Boszne ogHOro W3 HHUX HMEETCS HaAINWCh
«Koppexkuusi», a Bozne BToporo «Ilorpedurenu». IlonoxxeHue mepBOro M3 HUX
omnpenenser, KakuM U3 JIByX THpOarperaroB B JaHHBIA MOMEHT MUJIOT MOKET
yIOPABJISATh, TO €CTh PA3BOPAYMBATH OCh TMPOCKOMNA 33IaTYUKOM Kypca (B pexume
«I'TIK») wumu cornacoBbiBaTh (B pexkume «MKy»). BTtopoil mepekirouatens c
Haamuchlo «lloTpedurenmy» onpenenser, OT KAKOro U3 ABYX rUpoarperaroB Oyjaer
NOCTYIIaThb KypC B CHUCTEMY CUMCIECHHS IIyTH W B CHCTEMY TPAEKTOPHOIO
yIpaBJIeHHs (aBTOIUJIIOT).
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5.17. lloaroroBka u BeImoJIHeHHe MoseTa B peskume «'TIK»

Ilpeosapumenvnana noozomoeka. Pexum «I'TIK» sBiaseTcs OCHOBHBIM
PEXKUMOM pabOThl KypCOBOW CHUCTEMBI, MOCKOIBbKY MO3BOJISET BBIIOJHUTH IMOJIET
no oproapomuueckoit JI3II. Ilepen BbIMONHEHHWEM TI0J€Ta JOKHBI OBITh
ONpEIECNICHbl 3aJJaHHBIE OPTOAPOMHUYECKUE ITyTEBBIE YIUIBI JJISl KAXKJOrO Yy4yacTKa
MapuIpyTa.

Kak yxe ormedanoch, MOTyT OBITh MCIOJIB30BaHbBI JIBA MOAX0Ja K BHIOOPY
ONIOPHOI'0 MEPHUIMAHA.

1. Ha xaxxqoMm ydacTke MapuipyTa UCIOJIb3yeTCsl CBOM OMOPHBIA MEpUIUaH,
B KayeCTBE KOTOPOro, KaK TMpaBUIO, BBIOMPAETCS MArHUTHBIM MepUIuaH
HavasbHOTO [11IM yyacTka.

Kak mnokazaHo panee, B 3TOM cCiy4ae OpPTOAPOMUYECKHN IYTEBOW YTOJ
paBeH HAYAJIBHOMY 3aJIJaHHOMY MArHMHTHOMY IIyT€BOMY Yyriay y4acTtka. Kak
paBujo, ATOT IyTEBOM yroa yxe HaHeceH Ha MapuipyTtHoit kapte (PHK,
MapHIpyTHOU KapTe J[KenmneceH), mo3ToMy ONMpPeNeaTh €ro U HAaHOCUTh Ha KapTy
HeT HeoOxonuMocTu. Ecnu ke HauyanbHbIE MyTEBBIE YIJIBI HA TOJISTHOW KapTe
TUTIOTpaCKUM CIIOCOOOM HE HAHECEHbI, TO OPTOJPOMHYECKHI ITyTEBOM Yro
MOKET OBITh ONpEeNEeICH MyTeM M3MEpPeHUs Ha KapTe (Wi pacuera 1o hopmyre)
VMCTUHHOI'O IIyTEBOIO YIila U YY4€Ta MarHUTHOTO CKJIOHEHUS.

2. HWcmonwp3zyeTcs oOmMiA OMOPHBIA MEpUIWaH JIsi BCEX YYaCTKOB
MapuipyTta. Kak mpaBuiio, B KauecTBE TaKOr0 MEpHU/IMaHa BbIOMPAETCS MarHUTHBIN
MEpUIMaH a’poapoMa BbUIeTa. M nHIIb HA 3aKIFOYUTEIBHOM 4YAaCTH MapuipyTa
MOCJIC HAYajia CHUYKEHUS OTIOPHBIM CTAHOBHUTCS APYTrOM MEPHUINAH, COBITIAIAOIINAN
C MAarHUTHBIM MEPUAUAHOM a’pOIPOMA MOCATKH.

B sToMm citywae g pacdeta OpTOAPOMUYECKUX MYTEBBIX YIJIOB K UCTUHHBIM
MyTEBBIM YIJIaM y4aCTKOB MpUOABIAETCS a3uMyTalIbHas TIOTIPaBKa JjIsl Iepexoaa K
ONIOPHBIM MEpPHUIMAHAM a3POJPOMOB BbIJIETA WIIK MOCAIKHU.

Panee HopMaTuBHBIC TOKYMEHTHI MO IITYPMAHCKOUM CIyk0e TpeboBaiu OT
DKUIIa)Ka HAHOCUTH OPTOAPOMHUYECKUE MYTEBBIC YIJIbl HA KaPTy B HA4YaJe KaXJa0ro
yuactka cnopaBa oT JI3II nepnenaukynsipHo K Heill. B Hacrosmiee Bpems
OPTOJIPOMHUYECKHUE ITyTEBBIE YIJIbI HA KAPTY HE HAHOCST, a BKIIOYAKOT UX B TaK
Ha3bIBAEMbIC MabIUybl YCMAHOBOUHLIX OAHHLIX. DTH TAOIUIBI PACCUUTHIBAIOTCS
Ha OBM wu pacnedarsiBatoTcs sl Kaxxaoro mMapupyra. OHH comepkar JaHHEBIE,
HEOOXOJMMbIC  JUIs TPUMEHEHUS B TMOJIETe PA3IUYHBIX CUCTEM MHUJIOTAKHO-
HABUTALIMOHHOTO KOMIIAca, B TOM YHCJIE KYPCOBBIX CUCTEM. [ KaXKA0ro ydacTka
B CTpoKe Tabmuipl, COOTBETCTBYytouled HadyaibHoMy IIIIM »3TOro ywacrka,
YKa3bIBAIOTCS JBAa OPTOAPOMHUYECKHMX IYTEBBIX YIJIA OTHOCUTEIBHO OMOPHBIX
MepuaIMaHoB aspojapoma Beuteta (OMITY,,,) u aspoapoma nocagku (OMITY ).
VYKa3bIBa€TCAd TAKKE HAYAJIBHBIM WMCTUHHBIA WM MarHUTHBIM ITyTEBOM YIOJI
yuactka (MUY, MITY ), MarauTHoe ckiIOHEHHE B pailone manHoro IIIIM, a
TAK)KE TaK Ha3bIBaemble MonpaBku 1, u [1;,..

OTU TONpaBKU MO CYTU MPEICTaBISAIOT COO0OM ycnosHble MacHumHble
CKJIOHeHUs T4 Tepexo/ia OT MarHuTHOTro Mepuauana nasHoro [1I1IM k onopromy
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MCpHUANAaHy COOTBCTCTBCHHO BbLICTA WJIU ITOCAAKHU:

OMHYBLIH:MHyHaq+HBBIH!
OMHYHOC:MHyHaq+HHOC .

Pazymeercs, 3T momnpaBKM MOTYT OBITH MCIIOJNB30BaHbl HE TOJIBKO JUIS
npeoOpa3oBaHusl IYTEBBIX YIJIOB, HO U JUIsI IpeoOpa3oBaHus  JIIOOBIX
HaIlpaBJIEHUIl: Kypca, NIEJIEHTOB U T.II.

[IpeaBapuTeNbHBINA pacyeT 3TUX MOMPABOK M30aBISET SKUIAXK B MOJETE OT
HEOOXOJMMOCTH OMPEENATh YIIbl CXOXKISHUS MepuauaHoB u mp. Hampuwmep,
€clii JUIs KOHTPOJS yXO0Jia THPOCKOMAa HEOOXOIWMO OIpPEeAeTUTh (aKTUUECKHl
OPTOAPOMHUYECKHI KypC, TO €r0 MOXKHO OBICTPO pacCUUTATh MO (popmyie:

OMKBH n,(b:MK+HBLIHa

rne Il,,, — mompaBka u3 CTPOKM TaOJUIBI YCTAHOBOYHBIX JIAHHBIX,
cootBeTcTBytoMIEH [IIIM, B paitone kotoporo Haxoautcs BC.

B Ttabnuine ycTaHOBOYHBIX J@HHBIX TaKKe NPUBOJIUTCA IOIMpPaBKa,
MOJIy4HBIIIas CEU(UIECKOE HA3BaHUE «BUIIKAY.

Bunka (B) — »93T0 mompaBKa, KOTOPYIO HYXHO npubasums K
OpPTOIPOMHUYECKOMY Kypcy (IIyTE€BOMY YTy, MEJIEHTY) OTHOCUTEIBHO OIOPHOTO
MepUAMaHa a’poApoOMa 6bliemd, YTOObl MOJYYUTh OPTOAPOMHUYECKUN KypC
(yTeBOM yrou, MeJeHr) OTHOCUTEIBHO OMIOPHOTO MEPUJINAHA adPOIPOMA NOCAOKU.

Hanpumep:

OIIMY ;,c=OMI1Y y;,;, +B;
OMK,,,.=OMKj,,,+B.

[Io cyrn BuJIKa — 3TO yrojg MEXAYy JBYMs OIIOPHBIMHM MEpUJIMAHAMH W,
pasymeercs, i1 KOHKPETHOIO MaplIpyTa OHa MUMEET ONPEACIIEHHOE MOCTOSHHOE
3Ha4YE€HUE, TO €CTh HE 3aBUCHUT OT TOro, rae Haxoautcs BC.

Ha puc.5.55 noka3zana cBsizb Mexnay B, I, u Il,,.. HanpaBnenue ctpenku
IOKa3bIBAaCT, 4YTO IMpPU IIEPEX0Je€ K JTaHHOMY MEPHUAMAHY COOTBETCTBYIOIIAs
nonpaBka npubaeénsemcsa. llpu mnepexone B MPOTUBONOJIOXKHYIO CTOPOHY,
€CTECTBEHHO, BBIYUTACTCH.

Co Cm Co
A
‘/’T‘/%W: I—II'IDC
A/n Bbineta MM A/n nocapkm

Puc. 5.55. IlonpaBku, npumeHsiemsbl B niojieTe B pexxume «I TIK»
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W3 pucynka scHO, 4To MO abCONIOTHOW BenuunHe B paBHa cymme
abcomoTHeIXx BeauwuuH I, u Il,.. Ho, yuuteiBasg, uto 3Hak Il
MIPOTUBOIIOJIOKEH 3HAKy JAPYrHMX IOMPaBOK (CTpeika Ha PUCYHKE HaIlpaBlieHa B
MIPOTUBOIOJIOKHYIO CTOPOHY), TO

B:Hnoc - HBLIJ'I'

Ecnu moner B OOpaTHOM HampaBJICHWH BBINOJHAETCS IO MapuipyTy,
KOTOPBIA HECKOJIBKO OTJIMYAETCS OT MaplipyTa B MPSIMOM HAaINpaBlIEHWU, TO U B
OyZeT He TOJBKO MPOTHBOIOJOXKHA MO 3HAKYy, HO M HECKOJIBKO OTIMYAThCS IO
Moayiro. Benp mnpu TOYHOM €€ pacyeTe Yriabl CXOXKJIEHHUS MEpPUIUAaHOB
CYMMHPYIOTCS I10 y4acTKaM.

Ilpeononemnaa noozomoeéxka na o6opmy BC. Ilpyn BKIIOUEHHM NUTaHUS
kypcoBoit cuctembl (i [TIK-52) ¢ momompio A3C KypcoBble THPOCKOIBI
HAYMHAIOT PacKpy4YMBaTbCs. JTO 3aHUMAET HE MEHee 3-5 MHUH, a B XOJOJHOE
BpeMms 1 Oosiblie. 3a 3TO BpeMs MUJIOT AOKEH YOeIUThCS, YTO HAa KOPPEKIIMOHHOM
mexanusme (a B KC-6 — m Ha ykasarene IITypMaHa) MarHUTHOE CKJIOHEHHE
YCTAHOBJICHO pPAaBHBIM HYJIO. B TPOTMBHOM ciydae BCE yKa3zaTelll KypCOBOW
CUCTEMbI OYAyT IOKa3bIBaTh KypC C MOTPELIHOCTHIO, PaBHOU BBeAEHHOMY AM. A
BEJlb MOXKET OKa3aThCs, YTO TEXHUK MOC]ie OOCTY>KUBaHUSI CUCTEMbl OCTaBWJ Ha
KM AM =180°.

3areM HEOOXOAUMO BBICTABUTH OCH THPOCKOINOB MO OMOPHOMY MEpHUIUAHY.
Ecnu onopHbIM SBISETCS MarHUTHBIA MEPHAHMAH a’pOJApOMa BBUIETA, TO MPHU
UCIT0JIb30BAaHUU KYPCOBOM CUCTEMBI HEOOXOIUMO:

- YCTaHOBUTB pPeXUM «MK»;

- yctaHoBUTh nepekitouaresib «OcH—3anm» (B KC-6) wiu «Oca—KonTp» ¢
Haanuceto «Koppekuus» (B TKC-I12) B monokeHue Toro rupoarperara, THPOCKOI
KOTOPOTo OYyJIeT yCTaHABIMBAThCS;

- HA)KaTh KHOIIKY COTJIaCOBaHMSI.

Ochb rupockomna mpUAET K HANpaBICHUID MAarHUTHOIO MeEpHAHaHa, |
yKa3aTelb MOKaXET KypC, paBHbII MAarHUTHOMY Kypcy, ¢ KoTopbiM BC crouT Ha
CTOSIHKE.

Taxyro >xe onepanuio HEOOXOAMMO MPOBECTH CO BTOPHIM THPOArperaTtom,
MIOCJIC YEr0 YCTAHOBUTH MEPEKIIOYATENb PEKUMOB B Nos1okeHUE «I TIK».

HeobOxonumo yOenuThCsi, 4TO CUCTEMa XOTSI Obl MPUMEPHO MOKA3bIBAET
MpaBUWIbHBIA Kypc, ¢ KOTOphiM ctouT BC. D10 MOXHO caenath ¢ nmoMoipio KU-
13.

Buvinoanenue nonema ¢ pescume «I'TIK». IIpu BbIpyJIMBaHUH CO CTOSIHKU
Ha HCMOJHUTENbHBIA CTapT HEOOXOAUMO YOEIMThCS, YTO CHCTEMa MPABUIIBHO
pearupyer Ha pa3BOpOTHL. bbIBAIM Cilyyau, KOTJa H3-3a MEpPENyTaHHOW MpH
TEXOOCTY>KUBAaHUHM TOJSPHOCTHA JJICKTPOMUTAHUS CHUCTEMa TIPH Pa3BOPOTE,
HaIrpuMep, BIIPABO, MOKAa3bIBAJIa YMEHbBIIIEHUE KYPC.

[Ipu BBIpyJIMBaHUU HA UCIOJIHUTEIBHBIN CTapT, Koraa ock BC coBmagaer ¢
ocbio BIIII, HeoOxoaumo CBEpUTH MTOKa3aHUsI Kypca, KOTOPbIE JOJDKHBI COBMAAATh
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c HarpaBienueM BIIII (kypcom B3neta). [Ipu Hanuuum pacxokJIeHUs ¢ MOMOILBIO
3a/1aTYMKA Kypca yCTAHABIMBAETCA TOYHOE 3HAUCHHE.

[Ipy BBINOJIHEHWM MPOUEAYPHl BbUIETA M B IOJIETE HA IEPBOM Y4YaCTKE
KypCOBasl CHCTEMA MOKa3bIBAET OPTOJAPOMUYECKUIN KypC OT ONMOPHOTO MEPUANAHA,
COBIAJAIONIETO ¢ MAarHUTHBIM MEPUJIMAHOM a’pojipoMa BbuieTa. Bo BpeMst Habopa
BBICOTBI M pa3roHa camoJIeTa HE JOIYCKAETCs COIIACOBAHME CHUCTEMBI H3-3a
BO3MOXHBIX YCKOPUTEIBHBIX JEBUALIMM, KOTOPBIE MPUBEAYT K IOTPEMIHOCTIM
BBICTABJICHHOT'O Kypca.

JlanpHeimas paboTa ¢ KypCcOBOM CHCTEMOMN 3aBUCHUT OT TOTO, KaKasi U3 ABYX
TEXHOJIOTUN UCTOJIb3YETCS.

1. Ha kaocoom yuacmke mapuipyma uUCHONb3Yemcsi C80U ONOPHbIL
MepuouaH.

B stom cityuae nipu niponere koneunoro IIIIM ydacTtka, KOTOpBIN SIBASIETCS
HayanpHbiM [IIIM crnegyromero, €ro MarHUTHBIA MEpUIAMAH JOJDKEH CTaTh
OMOPHBIM, CIIEIOBATEIbHO, [0 HEMY HYKHO BBICTABUTh OChb T'MPOCKOMNA. ITO
MO’KHO CJIeaTh CIEAYIOIIMMH CIIOCO0aMu:

— npu Hamuuuu [TIK-52 u TUK-1 HeoO6xoammMo MOCMOTPETh MarHUTHBIM
kypc Ha ['MK-1 u ycranoBUTH ero 3HaueHue 3agaTaukom Kypca Ha ['TIK-52;

— MPU UCIIOJIb30BAHUU JIFOOOU IPYroil KypCOBOM CUCTEMBI — COTIIACOBATh €€,
TO €CThb YCTAaHOBUTh pexkuM «MK», HaxkaTb KHOIIKY COTJIACOBAaHUSI WU MOCIIE
OTpa0OTKM Ha yKa3aTeje MarHUTHOIO Kypca BHOBb YCTaHOBUTH pexkuMm «['TIK».
OT0 x€ HEOOXOAMMO MPOJIENIaTh CO BTOPHIM THPOArperaTtoMm;

— npu ucnosibzoBannu KC-6 (KC-8, KC-10) M0xHO BMECTO TPEABIYIIETO
UCIIOJIB30BaTh €II€ OJUH CHOCO0 — MPOCTO MEPEKIIOYUTh CUCTEMY Ha JApPYrou
rupoarperar. /leWCTBUTENBpHO, BEAb B OJTHUX CUCTEMAaX TIHMPOArperarsl
aBTOMAaTHUYECKM paboTaloT B MPOTHBOIMOJOXKHBIX pexkumax. Eciu, Hampumep,
BBINOJIHsUICSA 110JIeT B pexuMe «I'TIK» o ocHOBHOMY rupoarperary, To 3alacHOM B
9TO BpeMs pabdotan B pexxume «MK», TO €CTh OTCICKUBAJI TEKYIIHMH MarHUTHBIN
MepuauaH. WM eciu Tenepp MNEPEKIIOYUTh CHUCTEMY HAa HETrO0, TO MArHUTHAas
KOPPEKIUsL OT HETO OTKJIIOYHUTCS (MOCKOJBKY Ha MysibTe cTOUT peskuM «['TIK») u
OChb €ro TMpOCKoNa OyJIeT COXpaHSATh CBOE IOJIOKEHHE, TO €CTh HaIlpaBJICHUE
MarHuTHOrO MEpHJIHMAaHa TOYKH, [J€ NPOU30IUIO NEpPEeKIIoueHue (MepuauaHa
[1IIM). OcHOBHOI THUpoarperar aBTOMaTHYECKH HAYHET OTCIICKUBATH TEKYIIHM
MepuaMaH W mpu nponere caexyrouiero IIIIM  kypcoByto cucteMy MOXKHO
aHAJIOTMYHBIM 00pPa30M MEPEKIIOUUTD YK€ Ha HETO.

CornacoBaHu€ KypCOBOM CUCTEMbI HEOOXOMMO BBITIOJIHSTH MEpe]] HauyajaoM
pa3BOpOTa HA HOBBIM Yy4acCTOK, a HE BO BpEeMsI CaMOro pa3BopoTa, YTOObI N30€kKaTh
BIIMSIHUSI KPEHOBOM M YCKOPUTEIBLHOM J€BUALINH.

Takum ke 00pa3oM BBINIOJIHAETCS MOJET 10 KOHIAa MapIIpyTa.

[Ipy nmaHHOW  TEXHOJOTMM HET HEOOXOJAMMOCTH  ONpEACNsTh U
KOPPEKTUPOBATh COOCTBEHHBIM YXOJ THPOCKOTIOB, TIOCKOJIBKY BpeMs IOJjeTa Ha
KaXJIOM ydacTke peako mnpesbimaeT 20-30 mMuH. 3a 3TO BpeMsi THMPOCKOIN HE
yCIEBAaeT CyIlIeCTBEHHO YWTH. A mnpu mposiere [IIIM omopHbIM CTaHOBHUTCS yxkKe
HOBBIM MEpHUANAH, MO3TOMY IMOTPEIIHOCTH, HAKOMMBIIHUECS W3-32 COOCTBEHHOTO
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yX0/1a, y’K€ HE UMEIOT 3HAYCHMUS.

2. Hcnonv3yemces 00uH onopHwiti MepuouaH Ha ecb Mapuipym noJiema.

B atom citywae nipu niposiere T1IIM Hukakoro corjiacoBanusi He TpeOyeTcs, a
Pa3BOPOT HA HOBBIA YYAaCTOK BBITIOJHSAETCS B COOTBETCTBUM C PACCUUTAHHBIM JJIS
ATOTO Y4aCTKa OPTOJAPOMUYECKUM ITyTEBBIM YTIIOM.

Ho npu nnmurenbHOM MONETE OT OJAHOTO M TOTO K€ OMOPHOr0 MEpHAHAHA
MOKET HAaKOIUTHCS MOTPEIIHOCTh B Kypce U3-3a COOCTBEHHOI'O yX0Ja rMpOCKOIIa.
He pexe, uwem uepe3 1-1,5 uvaca mnosera ee HEOOXOAUMO OMNpEAEHsITh U
KOMIICHCHpPOBaTh TakK, Kak Obuio omnmcaHo. Ilpm s3TOM i1 onpeneneHus
daktraeckoro OK ymoOHO wucmonbs3oBath mompaBku [l W3  TaOIHIIBI
YCTaHOBOYHBIX TAHHBIX.

Bo Bpemsa npeamocamoyHOM MOArOTOBKH, KOTOpas NPOBOJMUTCS IEpen
CHIDKEHHEM C JIIeNIOHa, HeOOXOIMMO TEepPEeBECTH KYPCOBYIO CHCTEMY K HOBOMY
OMOPHOMY MEPUAMAHy — MArHATHOMY MEpUIUaHy a’poJpomMa MOCAIKU.
JIeCTBUTENBHO, BEIb HEBO3MOXXHO BBIIOJIHUTH I[IOCAJAKY, HAaIpUMEpP, B
XabapoBcke, eciii Kypc U3MepsETCsl OT OMOPHOro Mepuauana Ilynkoso.

Jlyist mepexo/ia K MEpUUaHy MOCATKU HEOOXOJUMO OTCUMTATh MOKAa3aHUE
OpPTOJIPOMHUYECKOTO Kypca Ha yKaszarese, MpUuOaBUTh K MOJYYCHHOMY 3HAYEHHUIO
BWIKY U YCTAHOBUTH IOJYYEHHOE 3HAUYCHHUE 3a1aTYMKOM Kypca. [locie aroro s
HaBUTAIMU YK€ WCIOJB3YIOTCS APYrue 3aJaHHble myTeBble yribl: OMILY o u3
TaOJIUIbl YCTAHOBOYHBIX JAHHBIX.

Ecnu Bce caenaHo mpaBWIBHO, TO IMOCIE MOCAIKH OPTOIPOMUYECKHM KypC
JOJDKEH COBIIAJATh C MArHUTHBIM. Benp caMoJeT HaxOOWTCs Ha OINOPHOM
MEpUMAaHE a3pOAPOMA ITOCAIKH.

[IpaBunIBEHOE UCIOIB30BAHUE KYPCOBBIX MPUOOPOB — HEMPETOKHOE YCIOBHE
TOYHOM U Oe3zomacHod HaBurauumu. Okono 15% mnoTeps OpPUEHTUPOBKU U
YKIIOHEHHM OT MapuIpyTa CBSI3aHO C HENPABWIbHBIM MPUMEHEHUEM KYPCOBBIX
npuOopoB (0COOEHHO T'MPOCKOMUYECKUX) MM HECBOEBPEMEHHBIM OOHApYXEHUEM
ux oTkaza. HempaBuibHOE MpUMeHEHHE Han0oJiee 4acTo 3aKJII0YAETCs] B TOM, UTO
MUJIOT HEBEPHO PACCUUTAI MOIMPABKY WM YUell €€ C HEeMPaBUIbHBIM 3HAKOM, JINOO
BBIJICPKMBAJl MyTEBOM yroJji, ykasaHHbli Ha kapte (MIIY,..), B TO Bpemsl Kak
cucTema Oblja yCTaHOBJIEHA COBCEM IO IPYrOMYy OIOPHOMY MEPHJIUAHY.

Kak u moboe ycTpoicTBO KypcoBasi cUCTeMa MOXET OTKazaTh. MHorma 06
TOM CUTHAJIM3UPYET 3arOopaHue JaMIOUYKh «3aBai ['A» Ha IyJbpTe yNpaBICHUS.
Pazymeercs, B 3TOM ciydae cleayeT HUCIOJIb30BaTh BTOPOM pabOTOCTIOCOOHBIN
rupoarperar, a Ipu MU €ro OTKa3e MOXKHO OTCUMTaTh MAarHUTHBIM Kypc Ha
KOPPEKIMOHHOM MeXaHu3Me. MAarHuTHbI KaHal U3MEpeHUs Kypca OOBIYHO
HAJIe’)KHEE, YEM THUPOCKONHUYECKUN, HO CJIENYET HMMETh B BHUAY, YTO U B HEM
BO3MOXHBI OTKa3bl. J{J1s1 TOro, 4TOOBI MPABUIBLHO ONPENEIUTh XapaKkTep OTKa3a B
HoJIeTe, MUJIOT AOHKEH XOPOLIO MOHUMATh paboTy KypCOBOIl CHCTEMBI.

Jlaneko HE BCe OTKa3bhl aBTOMATHUYECKH U Cpa3y OOHapy>KUBaroTCi. Moryt
ObITh HESIBHBIE OTKAa3bl, KOTJa HUKAKWE JIAMIIOYKH HE 3aroparoTcs, HO Kypc Ha
npubope MEIJICHHO YXOJWUT OT MPaBWIBHOTO 3HaueHus. [IuioT ke, BeIIepKUBas
Kypc 0 HeUcIpaBHOMY npudopy, yBoaut camoder ¢ JI3II.
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JUIsL UCKIIIOYEHHs TAaKUX CIY4YaeB HSKUIAX JOJDKEH MEePUOJIUYECKH
OCYILECTBIATh KOHTPOJIb KypCOBBIX IIPUOOPOB ciaMyas ux nokasanus. Hampumep,
MO>KHO CPaBHUTH NoKa3zaHus Ha Y1, Ha KOppeKuMOHHOM MexaHu3Me, Ha K1-13 n
Ha JIOOBIX JPYrHX KOMIIacax, UMEIOIIMXCS Ha camoJjere. Pazymeercs, Bce 3TH
KOMIIaChl MOTYT IIOKa3bIBaTh pa3HbI€ BHUJbl KYpPCOB, U UX IOKa3aHUS JOJIKHbI
pa3anyaThCcs, TEM HE MEHEE, MOXKHO BBISIBUTh OTKA3 OJHOTO U3 HUX.

Taxoil KOHTPOJIb KypCOBBIX NPUOOPOB JTOJIKEH MPOU3BOAUTHCA KAK MOYKHO
qaie u B JI'oOoM citydae nocie pazsopota BC Ha odepenHol ydacTok MapLipyTa.
[Tocne okoHYaHUs Pa3BOPOTA HY>KHO yOEIUTHCS, YTO:

- 3aJJaHHBII MTyTEBOM yroJl sIBISETCS MPaBWIbHBIM, TO €CTh €r0 3HAaUCHHE HE
nepenytano U BC JIeTUT B Hy>)KHOM HallpaBJICHUHU;

- KypC COOTBETCTBYET 3aJaHHOMY ITyTEBOMY YIUIy (C y4€TOM yIJla CHOCA);

- HET IPOTUBOPEYUN C TOKA3aHUSIMH JIPYTUX KYPCOBBIX MIPHUOOPOB.

6. UBSMEPEHMUE BbBICOTbBI
6.1. Knaccudukanusi BbICOT

Bvicoma — paccmosanue no eepmuxanu om ypo6Hs, NPUHAMO20 34 HAYALO
omcuema 00 Kakou- 1u6o mouku. B 3aBUCUMOCTH OT TOTO, BBICOTA KAKO MMEHHO
TOYKM PAcCMaTpPHUBAETCS, TOBOPAT O BBICOTE TMOJETa, peilbeda MECTHOCTH,
a’poApoMa, IPEMSITCTBUS U T.I.

[TockonbKy BBICOTA 3TO PACCTOSIHUE, TO €CTh MOHATUE F€OMETPUUECKOE, TO
B IIPUHIIMUIIE €€ MOXKHO U3MEPUTh PYJIETKON, TUHEUKOU H T.II.

BricoTa oHO# U TOM &e TOYKH OyAeT pa3InyHOM B 3aBUCHUMOCTU OT TOTO,
OT KaKoro ypOBHS €€ OTCUMUTHIBaTh. BrIcOTa nexanieil Ha CToJie aBTOPYUYKH paBHA
HYJIIO, €CJIM €€ U3MEpATh OT YPOBHs cTojia. HO OTHOCHTENBHO Moja €€ BhICOTa
OKOJIO METPa, & OTHOCUTEIBHO 36MJIM 3aBUCUT OT TOTO, HA KAKOM 3Ta)X€ HAXOIUTCS
CTOJL.

B 3aBHCMMOCTH OT TOr0, KAKOW ypOBEHb MPUHUMAETCA 3a HAYaJIO OTCYETA,.
B HAaBHUTAIlUU PA3IUYAIOT CJIECIYIONTUE BUbI BHICOT (puc. 6.1).

1. Acmunnasa evicoma H,., wu3MepsieTcs OT ypOBHA TOW TOYKM HA 3€MHOMN
MOBEPXHOCTH (pesibepe MECTHOCTH), HaJl KOTOPOM B JTaHHBIA MOMEHT HAXOAMTCS
BC. D1oT BUI BBICOTHI B HAUOOJBIIIEH CTEIIEHH COOTBETCTBYET CJIOBY «BBICOTA» B
0o0bIIeHHOM Hcnonk3oBanuu. Ecim BC HaxomuTes Ha 3eMiie, TO €ro MCTHUHHAas
BBICOTA PaBHA HYJIIO.

2. Abcomomnas evicoma H,;. n3mepsiercs oT cpeaHero yposss mops (MSL,
Mean Sea Level). Ilox cpemHumM ypoBHEM MOpPsS B HAaBUTAlMH IMOHUMACTCS
MOBEPXHOCTh KBaszureouaa. Ecin peyb UAET O BBICOTE TOYKHM MECTHOCTH, TO
BMECTO TEpPMHHA «a0OCONIOTHAs BBICOTA» YAaCTO HCMOJB3YETCS TEPMUH
«mpebiienue»  (elevation). Hanpumep, mnpeBblllieHHe a’poapoMa —  3TO



192

abCOJI0THAs BBICOTA a3POAPOMA, TO €CTh €r0 BBICOTA HAJl CPEAHUM YPOBHEM MOPSI.
[TpumenutensHO K BC TepMuH «IIpeBbILIIEHUE)» HE UCTIONB3YETCS.

=

HwucT.
HoTH.

Asapoapom \/J Hpen.

Puc. 6.1. Buas! BeicOT

Habc.

MSL

3. Omuocumenvrasn evicoma H,,, w3MepseTcs OT 1006020 BHIOPAHHOTO B
KaueCTBE Haydalla OTcueTa YpOBHs. B OOJBIIMHCTBE CIy4aeB O]l OTHOCUTEIbHON
BbICOTOM noJieta BC nmoHnMaeTcst BbICOTa HaJl ypOBHEM a’poIpoMa.

B pycckoMm si3bIke CI0BO BBICOTA MPUMEHSIETCA K JIFOOBIM BHJIaM BBICOTHI. B
AHTJIMICKOM $SI3bIKE, KOTOPBIN SIBIISIETCS SA3bIKOM MEXIYHApOHON a’pOHaBUTAIlUH,
abCOJIOTHAA U OTHOCUTEIbHAS BHICOTHI 0003HAYAIOTCS pa3HBIMU CIIOBAMMU:

aOcoiroTHas BeicoTa — altitude;

OTHOCHTEJIbHAs BeIcoTa — height.

Crnenyet Takke UMETh B BUJlY, YTO B AMEPUKAHCKOM BapHaHTE aHTJIUHCKOTO
A3bIKa; UCTUHHAA BbicoTa — absolute altitude, aGcomroTHas BeicoTa — true altitude,
TO €CTh COBEPILIEHHO MTPOTUBOIOJIOKHO PYCCKOMY SI3BIKY.

[IpocTpaHCTBO, B KOTOPOM MBI )KMBEM, TPEXMEPHOE, U BBICOTA, HAPSIY C
HIMPOTON W JONTOTOM, SIBIAETCA TPEThEH KOOPJAUHATOM, XapaKTEepPU3YIOLIEH
nonoxenne BC B mpoctpanctBe. Ha Gopty BC pomxHBI OBITH TEXHHYECKHE
CPEACTBa, KOTOPHIC TMO3BOJISIIOT H3MEPSATH BBICOTY TMOJIeTa JJIsi TOTO, YTOOBI
MpeaoTBpaTuTh cTodkHOBeHHE BC C 3eMHON mOBepXHOCThIO M ¢ apyrumu BC.
[Ipubopsl, mnpeaHa3sHAYEHHbIE [JIi W3MEPEHUS BBICOTHI TMOJIETa, HA3bIBAIOT
BbIcOTOMEpaMu. Mx pabora MokeT ObITh OCHOBaHa Ha pa3HbIX (UIUYECKUX
npuHuunax. [IpakTuyecku B aBUallMU UCMOJIb3YIOTCS BBICOTOMEPHI JBYX BUJIIOB —
pPaJMOBBICOTOMEPHI U OapoMeTpudecKkrue BBICOTOMEpPHI. CpaBHHUTENIBHO HEIABHO
MOSIBUJIACH €II€ OJIHA BO3MOXKHOCTb OIpPEAEHSATh BBICOTY — C IOMOIIBIO
CIYTHUKOBBIX HaBUTAIMOHHBIX CUCTEM.
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6.2. [lousAiTHE O pagUOBBICOTOMEPAX

Paouosvicomomep (PB) sBigercs aBTOHOMHBIM PagUOTEXHUYECKUM
YCTPOMCTBOM. DTO 03HAYAET, YTO JUIsl €ro paboThl UCHOJIB3YIOTCS PaJUOBOIHBI U
HEe TpeOyeTcs KaKoTro-Iu00o 000pyI0BaHMS Ha 3eMIIE.

PaznuuaioT  pagMoOBBICOTOMEpPHI ~ MallbIX U OONBIIMX  BBICOT.
PanuoBbicoTOMEPHI OOJIBIIUX BBICOT OOBIYHO HE BXOJSAT B COCTaB IITAaTHOTO
obopynoBanusi rpaxaanckux BC. PaguoBbicOTOMEpPBI MalbIX BBICOT MO3BOJSIOT
U3MEPATH BBICOTY mpuMepHO 10 1500 M M HCHONB3YIOTCS, KAaK MPABWIIO, IPHU
3aX0/€ Ha MTOCAKY.

boproBoi nepenaTumk, BXOoAAIMM B coctaB PB, usmydaer HanpaBiIeHHbIE K
3eMJIE PaJUOBOJIHBI, KOTOPBIE OTPAXKAIOTCA OT €€ MOBEPXHOCTH W IPUHUMAKOTCS
anteHHoM PB. Ho uwacTora m3nydeHus: He ABISE€TCS NMOCTOSHHOM, a HEMPEPBIBHO
U3MEHSETCS MO NUiI000pa3sHoMy 3akoHy. Hampumep, paBHOMEpPHO BO3pacTaer,
3aT€M pE3KO YMEHBIIAETCS JO HayajJbHOIO 3HAYEHUS W BHOBb HAYMHAET
BO3pactarth (puc. 6.2).

Puc. 6.2. Ilpuniun paboTsl paauoBbBICOTOMEPA

PamnoBOHBI pacmpoCTpaHSIOTCS ¢ KOHEYHOW CKOPOCTBIO C, TPUMEPHO
paBHOI ckopocTtu cBeta (¢=300000 km/c), moITOMY 3a BpeMs, MOKa paJHOBOJIHA
JOWJET A0 TMOBEPXHOCTH 3€MJIM M OOpaTHO, W3dydaemas B 3TOT MOMEHT 4acToTa
oyner yxe npyroi. Uem Oombliiie paccrosiuue Ao 3emind Hye,, Tem Oosbiie Oyaer
BpEMsI IIPOXOXKJICHUS pauocurHana At W, cieoBaTeabHO, pa3HOCTh 4acToT Af:

At =2
C
Oo6opynosanne PB ompenensier pa3HOCTh U3Iy4aeMON U MPUHSATON 4acTOT
Af M Ha ee OCHOBE pAacCCUMTBHIBACT HMCTHUHHYIO BbICOTY H,.. IIumor moxer
OTCUMTATh €€ 3HAUYCHUE Ha yKazaTese paauoBbicoToMepa (puc. 6.3). Ha HeM xe
MOXHO YCTAHOBUTH J1I000€ 3HAYCHHE «OIMACHOW» BBICOTHI, MPU TOCTHKCHHUH

KOTOpO# B KaOWHE pa3acTcsi 3ByKOBOM CHUTHA.
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Puc. 6.3. Ykazatenb paguoBbicCOTOMEPA

Ha BeicoTax n0 10 M OOTpEMIHOCTH OMPEAEICHUS BBICOTHI COCTABIISIET
MEHbIIIE METPa, a Ha OOJBIIMX BBICOTaAX HPUMEPHO 5-7% OT U3MEpPSEMOM BBICOTHI.

Takum 00pazoM, ¢ nomowbio paouosvicomomepa UsMepsaemcs UCMUHHASA
évicoma. Kazanoch Obl, UMEHHO OHAa U HYyXHa JJig oOecrnedyeHus: 0€30MacHOCTH
MOJIETOB M HET HEOOXOIUMOCTH MPUMEHSTh Kakue-1u0o aApyrue BricoroMepbl. Ho
Ha caMoM Jieie ucrosb3oBanue PB He Bo Bcex ciywasix yno6Ho. Hanpumep, eciu
NUJIOT OYJET BBINOJHSITH IMOJET, BBIICPKUBAsI MOCTOSIHHYIO BbIcOTy 1o PB, To
camoJieT OyJeT JIETETh He TOPU30HTAIbHO, a C OrMOaHHeM pelibeda MECTHOCTH,
MPEBBIIIEHUE KOTOPOTO HENPEPHIBHO MEHseTcs. Pazymeercs, 3TO 3aTpyaHseT
MAJIOTUPOBAHUE.

He wMoxer wucnons3oBanne PB u© npenoTBpaTUTh CTOJKHOBEHHUE C
npenarcTBueM. Benb oH mokasbiBaeT TeKyIyt0 Hye.., TO €CTh Ty BBICOTY, KOTOpas
MMEeT MecTo MMeHHO B JaHHbli MomeHT. Ho BC mnepememaercss ¢ Gosibiioi
CKOPOCTBIO. A €CJIM BIEPEaU KPYTOW FOpHBINA XpedeT?

C nomomsto PB TpynHO mpenorBpatuth cTONKHOBEHUS BC apyr ¢ npyrom.
Benp nmpu ero ucnosib30BaHUM KaKJIbIM CaMOJIeT U3MEPseT UCTUHHYIO BBICOTY OT
CBOET0 HEMPEPHIBHO MEHSIONIETOCS YPOBHSI, TOATOMY, JaKe 3Hasl 3HAYEHUSI BHICOT
BC, HEBO3MOXHO OIpENEIUTh, HACKOJIBKO OJHMH CaMOJIET BBIIIEC WM HUKE
JIPYyTroro.

[TosToMy B TpakIaHCKOM aBHUAIIMU PAJAHOBBICOTOMEPHI MalbIX BBICOT
UCIIOJB3YIOTCSI B OCHOBHOM Ha KOHEYHOM »JTale 3axoJa Ha IMOCaaKy, B
HETMOCPEICTBEHHON OJIN30CTH OT 3€MJTH.

B kaudectBe xe ocHOBHOTO Ha 60pTy BC mcnonb3yeTcsi 6apoMeTpudecKuii
BBICOTOMED.
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6.3. TeopeTnueckue 0OCHOBbI U3MePEHHS BbICOTHI C MOMOIIbIO
0apoMeTPHYECKOro BHICOTOMEpPA

Ammocgepnoe oaenenue. 3emisi OKpykeHa aTMOchepoid, BCIEACTBUE YETO
B KaXJI0M Touke nMmeercs arMochepHoe naBieHre. OHO BBI3BAHO BECOM BO3/yXa,
pacrnoyioKEHHOro BbIle 3ToW Touku. [loaTomMy aTmocdepHOe naBieHUE Bcernaa
yOBIBa€T ¢ BO3pACTAHHEM BBICOTHI. B aBHallMM  /1aBJI€HHE MOXET U3MEPATHCS B
MUWJUIUMETPax PTYTHOro cTtojidba (MM pT.cT.), rekronackamax (rlla), mrorimax
pTyTHOTO cTOJIOBI (iN HQ).

l'exkmonackany — egunuua, Bxoxasmas B cocraB CU, u sBusgercs
MEKIYHAPOIHOW, IPUHATOW B MUPOBOM I'PaKJaHCKOM aBHalMu. PaHblie BMecTo
HEEe HUCTOJIb30BaIach paBHasl €il 0 BEIMYUHE euHULA MuLiubap (MOap).

OpnHako Mo TpaauLKUU B Pa3HBIX CTPAHAX MPUMEHSIOTCA U IPYTUE €IHHUILIBI
u3Mepenust AamieHus. B Poccum W HEKOTOpPBIX ApyruxX TOCYIapCTBax yalle
UCIOJIB3YIOT MUJUIUMETPBI PTYTHOro cToji0a. ['ekTonackanb MOYTH TOYHO paBEH
TPEM YETBEPTHIM MUJUIMMETPA PTYTHOTO CTOJI0A:

I rI1a=0,75 MM pT.CT., 1 mM pr.ct. = 1,33 rl]a,

03TOMY JaBJIeHHE, BbIpakeHHoe B rlla, umeer Oosibllee YMCIEHHOE 3HAUYECHHUE,
YEM OHO K€, HO BBIPA)KEHHOE B MM PT. CT.

JioliMbl pTyTHOro cT0j0a HUCHOJIB3YIOTCS TiaBHBIM oOpazom B CIIA.
[Tockombky mroiim (inch) paeen 25,4 mumnMerpa, TO:

1in Hg = 25,4 mm pr.cT.
Takum obpazom:
760 mwm pt.cT.= 1013,25 rlla= 1013,25 mbap= 29,92 in Hg

Nnes GapomMeTpuYecKOro BBICOTOMEpPa OCHOBaHAa HAa TOM, YTO YE€M BBIIIC
pacrojokeHa ToukKa, TeM MEHbIIe B Hel naBiieHue. ClemoBaTellbHO, M3MEPHUB
atMochepHoe napineHue 3a 6opromM BC, MOXHO cyauTh O BbIcoTe mojera. s
ATOr0 HY)KHO TOJBKO 3HaTh, KaKOBa 3aBHCHMOCTH JIaBJICHUS OT BBICOTHI, KaKUM
MaTeMaTUYECKHUM COOTHOIIIEHUEM OHU CBI3aHEI.

Ecnu B kakoi-TO TOYKEe MMEETCS OMPENEICHHOE JAaBJICHHUE, TO CYIIECTBYET
emie OECKOHEYHO MHOTO TOYEK C TaKuM ke aTMochepHbIM AaBicHueM. OHH He
MOT'YT HaXOJUTHCS BBIIIE WIM HUXKE, MHAYE B HUX ObLIO OBl Apyroe napneHue. OHu
HaXOJIATCS MPUMEPHO Ha OJHOM YPOBHE C IEPBOH TOYKOM, U BCE MX MHOKECTBO
o0Opa3yeT n300apuUIeCcKyIo MOBEPXHOCTD (M30 — MOCTOSHHBIN, 0ap — JaBJICHUE).

H3zo0bapuueckas nosepxHocmvs — 2eoMempuieckoe Mecmo mouex 8
npocmpancmee ¢ 0OUHAKOBLIM ammocgepHvim Oasienuem. Takux MOBEPXHOCTEH
OECKOHEYHO MHOTO, TMOCKOJBKY KaKJIOMYy 3HAYCHHUIO JABJICHHUS COOTBETCTBYET
CBOSI TIOBEPXHOCTh. Bce OHM npumepno TOPU3OHTAIBHBI M TApaJUICIbHBI JIPYT
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JpyTy, HO BCE K€ B peaibHOM aTMochepe uMeroT cinadpiif n3rub. OHM OMmyCcKarTCs
B T€X paiioHax, Illeé UMeeT MeCTO MOHIKEHHOe aTMoc(hepHoe naBieHue (IUKIOH),
¥, HAo0OpOT, NOJHHUMAIOTCA B 00JacTAX C TMOBBIIICHHBIM JaBJIeHHEM (B
aQHTUIIUKJIOHAX).

3asucumocms oasnenus om evicomel. Ilycts Py — aTMochepHoe naBneHue
Ha HEKOTOPOl M300apHyecKOl MOBEPXHOCTH, OT YPOBHS KOTOPOM MBI XOTUM
U3MEPAThH BBICOTY, TO €CTh BBICOTY KOTOPOW MPUHUMAaeM paBHOM Hymo. He umeer
3HAYCHUS, TJ€ PACIOJIOKEHA dTa MOBEPXHOCTh — MPOXOAHWT OHA Yepe3 YPOBCHb
MOps1, WIIA a3POAPOM, UIIH Yepe3 JII0O0YI0 IPYTyIO TOUKY.

Ilycte Takxke Py - atmocdepHoe naBineHue Ha ypoBHe mosiera BC (puc.

ZG > PH

6.4).

Po
Puc. 6.4. N306apuueckue MoBepXHOCTH U BHICOTA

Torga BeicOTa mosieTa H — 3TO paccTOsiHME MO BEPTUKAIUA MEXKIY
M300apUYECKUMU MTOBEPXHOCTSIMHU C JlaBjieHUusIMU Py u Py.

OkasbIBaeTcs, 4yTO JJIsl TOYHOTO pacyeta H HeoOX0auMO 3HATh HE TOJBKO
JaBJIEHUs1 Ha YpOBHE Hayana otcuera Py, m Ha ypoBHe mnosera Py, HO U
pacnpedeneHue memnepamypsl 6030yxa 1T MEXKIy OTUMU H300apUYECKUMHU
MOBEPXHOCTSAMU. 37ech OykBoW T o00o03HaueHa abcontomuas Temmeparypa (1o
mkane KenpBuHA), KOTOpas CBs3aHa C Temmepatypoil mo Ilenbcuto
COOTHOILIEHHEM:

T=273+t°C.

Temmeparypa BO3ayXa Ha pa3HBIX BBICOTaxX pa3lIMyHA, C YBEIHMUYCHHEM
BBICOTBI OHa MeHsieTcs. Okas3pIBaeTcs, UYTO JaBJCHHE Ha J000W BBICOTE
MOJTHOCTBIO 3aBUCUT OT TOro, IO KakoMy 3akoHy T1=T(H) wusMensercs
TEeMIlepaTypa OT ypOBHS Hadajla OTcueTa A0 JaHHOW BBICOTHL. ClieaoBaTelbHO, U
HA000POT, YTOOBI y3HATH PACCTOSHUE MEXIY M300apHUECKUMHU MOBEPXHOCTSIMH C
naBieHusMu Py u Py, TO ecTh BBICOTY OJHON TOBEPXHOCTH HaJ JPYTOW,
HEJOCTAaTOYHO 3HATh 3HAUYCHMS JTUX JAaBieHuil. HyXHOo Taike 3HaTh, MO KaKOMY
3aKOHY WM3MEHSETCS TeMIepaTypa B CIIO€ BO3AyXa MEXIY H300apUYeCKUMU
MOBEPXHOCTSIMHU.

CBs13b IaBNICHUS U BBICOTHI MOXKET OBITh BBIpaKeHa 00IIeH PopMyIIOi:
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PH

L j 6.1)
1P RIT(H)
rae R — razoBast mocTosiHHas Bo3ayXa (KOHCTaHTA).

B peanpHON aTrMocdepe Temrieparypa BO3AyXa OOBIYHO YOwvlsaem ¢
MOJTLEMOM Ha BBICOTY. HO CKOpOCTB 3TOT0 yOBIBaHUS HEMPEICKA3YEMO MEHSETCS
B Pa3IMYHOE BpPEMs rojia U CYTOK, B Pa3HBIX MyHKTaX M Ha Pa3HBIX BHICOTax. A B
HEKOTOPBIX CIIy4asiX B OMPEACIICHHOM JIMAara3oHe BBICOT TEMIIEpAaTypa MOXKET He
yObIBaTh, a, HA0OOPOT, BO3pacTarh. TakuM 006pa3oM, 3aBUCUMOCTb TeMITepaTypsl T
ot BeicoTel H, To ecth T=T(H), mnouTu Bcerna HEW3BECTHA, J1a U HEMPEPHIBHO
mensietcs. [loatomy Touno ompenenuts H 1o m3BectHeiM Py n Py ¢ momorsio
dbopmyIs (6.1) HEBO3ZMOKHO.

Ananutuyecku B3ATh UHTErpaid B ¢opmyne (6.1) MOXHO, TONBKO eciu
3a0amuvcst Kakou-1ubo koukpemuou 3asucumocmoio T(H).

Camoli mpocToil SBISETCA 3aBHUCHUMOCTb | =CONSt, COOTBETCTBYIOILIAS
MIPEANOJI0KEHNI0, YTO TEeMIIepaTypa ¢ BBICOTOM He MeHsercs. Ha camom neme
TaKOro HUKorAa He ObiBaeT. Ho /st mpuOMMKEHHBIX PacdyeToB B KAayeCTBE ITOU
MOCTOSIHHOW TEeMIIEpaTypbl MOXKHO TMPHUHSATb CPeoHIow memnepamypy Cilos
BO3JlyXa MEXKY IByMs pacCMaTpPUBAEMbIMU N300apUUECKIUMH TTOBEPXHOCTIIMHU.

Torna, nocne unterpupoBanus (6.1) U HEKOTOPBIX TPeOOPa30BAHUN, MOKHO
MOJIYYUTH (POPMYITY, KOTOpas Ha3bIBaeTCs popmynou Jlaniaca u UIMEET BU/L:

H=RT, nto (6.2)

H
rne R —rasoBas nmoctosiHHas Bo3ayxa (R=29,27 m/K),
T., — cpennsas abcomoTHas (o KenbsBuHy) Temneparypa caos BO31yXa
MEeXAy H300apUUYECKUMHU MOBEPXHOCTAMH C JaBieHusMu Py u Py,

Py — namneHue Ha ypoBHE Hayaja OTCUETa,

Py — maBiieHne Ha BBICOTE ITOJIETA,

H — paccrosiHue mMexay n300apuueCKUMH MOBEPXHOCTSIMHU, TO €CTh BBICOTA
OJHOM MOBEPXHOCTHU HAJ APYTOM.

Ora QopMyna He sBIsSETCS aOCONIOTHO TOYHOH, TIIOCKOJIBKY B HEH
MpeAnojaraeTcs, 4ro TeMmIeparypa C BbICOTOW He MeHseTcs. OpHako eciu B
Ka4eCTBE TEMIIEPATYypPbl MCIIOJIb30BATh CPEIHIOID TEMIEpPATypy ClIos 1., TO OHA
OKa3bIBa€TCA IOCTATOYHO TOYHOM, O3TOMY €€ YaCTO UCIOJIb3YIOT.

Cmanoapmuasa ammocgpepa. Cocrosinue peaqbHOM aTMocdepsl SBISETCS
BeCbMa W3MEHYMBHIM B TIPOCTpaHCTBE W BO BpeMmeHH. OHO ompenensieTcs
pacrojokeHueM OapuyecKux CHUCTeM — IMKJIOHOB U aHTHUIIUKJIOHOB,
pacrpesieiecHueM TeMIIepaTypbl y TOBEPXHOCTH 3E€MJIM M XapakKTepoM €€
W3MEHEHUs C BBICOTOM. Bce 3TO HEmpephIBHO M CJIIOKHBIM 00pa3oM MEHSIETCS CO
BPEMEHEM CYTOK, TOJa...

TemM He MeHee, MOXKHO TIONBITATHCA OMHUCAaTh HEKOTOPOE «CPETHEEe»
cocTosiHue  atMocepbl. OTO  COCTOSHHME  HA3BIBACTCA  MeHCOVHAPOOHOU
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cmanoapmuou ammocghepoi u ob6o3znadaercs MCA wmm npocro CA, a mo-
anrauiicku — ISA (International Standard Atmosphere). ®aktrueckas armocdepa
BpSJl JIU KOrAa-HUOYb, J1ake B OTAEIBbHOM MECTE, MOJHOCThIO COOTBETCTBYET
CTaHJAapTHOMN. ITO YCIOBHOE MOHSITHUE.

CranpmaptHass atMocdepa XapaKTepuszyercs CIEAYIOIIMMH OCHOBHBIMU
napameTpamH.

Ha yposne mopst (MSL) armocdepHoe naBieHue coctaisier 760 MM PT.CT.
(1013,2 rlla), a temneparypa mo Llenbcuto t=+15°C (mo KemsBuny 288 K). C
BBICOTOM TEMIEpaTypa paBHOMEPHO yMEHbIIAeTcs Ha 6,5° Ha KaKIbld KAJIOMETP
BeIcOTEI. Ha Bpicore 11000 M oma pocturaer —56,5°C u ¢ JgalbHEHIIAM
YBEJIMYECHUEM BBICOTHI OCTA€TCS MOCTOSTHHOW. 3aTeM OHA HAYHET MOBBIIIATHCS, HO
Ha TaKuX BbICOTax rpaxaaHckue BC He 5etaloT W 3TOT ciydaid 371ech He

paccMmarpuBaetcs (puc. 6.5).
H,km

4

11

»t,°C

0 -56,5° +15"°
Puc. 6.5. I3ameHeHune TemMneparypsl ¢ BICOTOM B CTaHAApPTHOM aTMocdepe

ITocKoJIbKY 3aKOH M3MEHEHUS TEMITEPATyphl ¢ BbIcOTOM B CA 3al1aH, TO TEM
CaMbIM IIOJHOCTBIO ONpPENESACTCI W 3aKOH W3MEHEHMSI C BBICOTOM JIABJICHMS,
IUIOTHOCTU BO3JyXa W JPYTHUX MapaMmeTpoB. DTH MapaMeTpbl s Jito00il BBICOTHI
MOTYT OBITh paccuuTanbl 1o (opmynam. OHM Takke MNPUBOIATCA B mabiauye
cmanoapmuoui ammocghepwt (1a01.6.1).

bapuueckasa cmynens. JlaBiieHue ¢ yBeJIMYEHUEM BBICOTHl YMEHBIIAETCS HE
[0 JJMHEHHOMY 3aKOHY, TO €CThb HE IPONOPLHOHAIBHO BBICOTE. DTO BUAHO U W3
dbopmynsl Jlamnaca (6.2), MTOCKOJBKY B HEE BXOJUT HaTypalibHbIN Jiorapudm. Ha
puc. 6.6 cxeMaTUYHO TMPEJCTaBJICH TpaduK U3MEHEHUS JIaBJICHUS ¢ BbICOTON. OH
uMeeT BHJ Jiorapudmuueckoil kKpuBoil. UeM Oosibllie BBICOTA, TEM MeEJJICHHEE
U3MEHSIETCS AaBJICHHE.

bapuueckas cmynens h — 310 BBICOTA, HA KOTOPYIO HY)XHO MOJHSATHCS WU
OITYCTUTBCA, YTOOBI 1aBJIEHUE U3MEHWIIOCh HA OIUH MM PT.CT (uiu rlla).

Benuunna Oapuueckoil CTymeHM 3aBUCUT OT BBICOTHI. B 3TOM nerko
yoeautbess (cMm. puc. 6.6). Ha wmamoit BeicoTe (Korma aaBiieHHE OOJIBIIOE)
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U3MEHEHHUE JTaBJICHUs Ha €IMHUILY MPUBOJIUT K HEOOJIBIIOMY U3MEHEHHUIO BBHICOTHI
hy B coorBercTBMM ¢ KpuBOM Ha Trpaduke, a Ha OOJBIIUX BBICOTAX
COOTBETCTBYIOIIIEC M3MEHEHHUE BBICOTHI Ny BO3pacTaer, MOCKOJIbKY KpUBas KPyTO
UJIET BBEPX.

B cranmaptHOil aTmocdepe Ha ypoBHE MoOps Oapuyeckas CTYIEHb
coctapisieT mpuMepHo 11 m/mMm pr.ct (umm 8,3 m/rlla). D10 03HAUaeT, YTO HYKHO
noAHAThCS Ha 11 M, 4TOOBI AaBieHUEe yMeHbIIWIOCh Ha 1 MM pT.cT. Ha BhIcOTE
1000 M Gapuueckasi CTyNeHb COCTaBIsIET yke 12 M/MM pT.cT, Ha BeicoTe 6000 M
oyt 21 M/mMm pT.cT., a Ha BeicoTe 10000 M nocturaet 33 M/MM PT.CT.

Tabnuua 6.1
Briaepxka u3 Tabmuisl cTaHAapTHON aTMochepsl
Beicora, ATtMocdepHoe Temneparypa Bozayxa | IInotHoCcTh
M JABJICHUE BO3/1yXa,
P, mm p1.cT. | P, rlla t°C T, K KI/M°
0 760.0 1013.2 15.0 288.1 1.225
100 751.0 1001.3 14.4 287.5 1.213
200 742.1 989.4 13.7 286.9 1.201
300 733.3 977.7 13.1 286.2 1.190
400 724.6 966.1 12.4 285.5 1.17/8
500 716.0 954.6 11.8 284.9 1.167
1000 674.1 898.7 8.5 261.6 1.111
2000 596.2 794.8 2.0 275.1 1.006
3000 525.7 700.9 -4.5 268.6 0.909
4000 462.2 616.2 -11.0 262.1 0.819
5000 405.0 539.9 -17.5 255.6 0.736
6000 353.7 471.5 -24.0 249.1 0.659
7000 307.8 410.3 -30.5 242.6 0.589
8000 266.8 355.7 -37.0 236.1 0.525
9000 230.4 307.1 -43.5 229.6 0.466
10000 198.1 264.1 -50.0 223.1 0.412
11000 169.5 226.0 -56.5 216.6 0.363
12000 144.7 192.9 -56.5 216.6 0.310

IIpuBeneHHBIE 3HAYEHHSI COOTBETCTBYIOT TEMIIEpAType Ha JaHHOM BBICOTE B
CA. Ha camom ke gene Oapuyeckasi CTylleHb 3aBUCHT TaKK€ U OT (DaKTHUECKOU
TEeMIIepaTyphl, XOTS U He oueHb cuiabHO. Hanpumep, eciu B CA Ha ypoBHE Mops
h=11,1, To npu Temneparype —40°C ona cocrtaButr 10,5, a mpu Temmneparype
+40°C 12,1 MM pr.cCT.
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Puc. 6.6. 3sMmeHeHue naBjeHNU C BBICOTOU

Céa3v Oasnenusa u evicomsvl 6 cmanoapmuou ammocgepe. Kaxk yxe
noka3ano, B CA Ha BbicoTax 10 11000 m Temriepatypa ¢ BBICOTOM YMEHBIIAETCS HA
6,5 TpagycoB Ha KaxJbld KUJIOMETP BBICOTHI. ITY 3aBUCUMOCTh MOKHO BBIPA3HUTh
dbopmyoii:

T=To—t,H, (6.3)
rae T — temmeparypa Ha BeicoTe H;
To_aOcomoTHas TemnepaTtypa Ha ypoBHe mopsi B CA (288,1 K);
t,, — Temneparypnsiii rpaguent (0,0065 K/m), xapakTepusyronyi CKOPOCTb
yOBIBaHHS TEMIIEPATYPHI C BEICOTOM.

[ToacraBuB 310 BhIpaxkeHue B popmyiy (6.1), MOXKXHO MOTYYUTH HOPMYJIBI,
BBIPXKAIOIIME 3aBUCHMOCTh JIABJCHHS OT BBICOTHI (MJIM BBICOTBHI OT JIaBJICHUS) 6
cmanoapmuou ammocgpepe (s H<11000 m):

1
t. H )Rt
Py =Ry|1--2 7, (6.4)
To
T P\
H=-"]1-|-H (6.5)
tzp P,

Takum  o0pa3om, arMmochepHOE JaBIIEHHE 3aBUCUT OT  BBICOTHI
CrnenoBaresibHO, U3BMEPUB AABJICHHUE HA BBICOTE MOJIETAa, MOXXHO CYAUTH O BBICOTE.
Ho B peanpHOIl (HEecTaHmapTHOW) arMmocepe 5Ta 3aBUCHMOCTh HE SIBISICTCS
MOJTHOCTBIO OMPEICIICHHON, OAHO3HAYHOM. KOHKpETHBI BUJ ATOW 3aBUCHUMOCTHU
ONPENEIAECTCS 3aKOHOM M3MEHEHHs TeMmIrieparypsl ¢ BeicoTor. Hampumep, B CA
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nasieHuro 674 MM pr.cT. cootBercTByeT BhicoTa 1000 M. Ho eciiu Temnepartypa He
COOTBETCTBYET CTAaHAAPTHOM, TO STOMY K€ JaBJCHHIO COOTBETCTBYET JApyras
BBICOTA.

6.4. Ilpunuun padoTsl 6apoMeTPUIECKOr0 BLICOTOMEPA

[To mpuHIMIY CBOETO YCTPOICTBA Oapomempuieckull 8blcomomep no cymu
npeocmaeisiem cooou bapomemp-anepoud ¢ TEM JIUIb OTIUYHUEM, YTO €ro 1IKaa
OTTpaJydpoBaHa HE B CIWHMIIAX JABJICHHs, a B €IWHUIAX BBICOTHL. CJIOBO
«aHEepOua» B MEPEBOJIE C TPEUECKOr0 O3HAYAET «OE3BOJHBINY M HCIIOIB3YETCS B
MIPOTHUBOIIOIOKHOCTH BOJISTHOMY WJIH PTYTHOMY OapoMeTpy.

UyBCTBUTEIIBHBIM 3JIEMEHTOM BbICOTOMEpPA (pHUC. 6.7) SBISETCS aHepouoHasl
kopooxa 4 (0OBIYHO MCTOJIB3YETCS OJIOK U3 JIBYX aHEPOUIHBIX KOPOOOK).

Puc. 6.7. IlpunnunuanbHas cxema 6apoMeTpUIECKOTO BRICOTOMEPA

AHepouHas KOpoOKa sIBJISIETCS TEPMETUYHOM, 3aMasHHOM, U3 Hee BbIKA4aH
BO3JlyX M TOATOMY B HEH coXxpaHsercs JaBiieHue, Onmu3koe K Hymo. Korma
BBICOTOMEpP HAaXOAUTCA Yy 3€MJIM, KOpoOKa moja JAeHCTBHEM aTMocChepHOTO
JABJICHUSI HAXOAMUTCS B HauOosiee CkatoM cocTosiHuu. [Ipu moabeme Ha BBHICOTY,
KOrjla arMoc(epHoe [AaBJICHHE CHAPY)XM AaHEPOUIHOM KOpOOKM TadaeT, OHa
pacmmpseTcs, MOCKOJIbKY MOBEPXHOCTh KOPOOKHU ropprupoBaHa U BEIET ceOs Kak
npyxkuHa. [lpu cHUXKEHUM TOJA NEWCTBHEM YBEIMYMBAIOIIETOCS aTMOC(HEpPHOro
JaBJICHUS KOPOOKa COKMMAETCS.

C anepouHOM KOpOOKOI uepe3 mepelaroil MexaHu3M 3 CBs3aHa CTpesKa
2, mepeMelnieHne KOTOpPOW OTHOCHTENbHO WIKaidbl mnpudopa 1 cooTBeTcTByeT
paciMpeHnIo (CxKaTHI0) KOPOOKHU U, CIIEAOBATEIbHO, U3MEHEHUIO BBICOTHI.

AHeponHas KOpoOKa MOMeIeHa B TepPMETUYHBIM KOpmyc mpudopa 5 , B
KOTOPBIN depe3 mTynep TpyOompoBoaa 6 moctymaer atMochepHOe AaBiICHHUE 3a
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ooproM Py. DTo K€ JaBiIEHUE YacTO Ha3bIBAIOT CTATUYECKUM JaBiieHuem P, TO
€CTh JABJICHUEM, KOTOPOE MMEET MECTO B CIIOKOMHOW aTMocdepe Ha BBICOTE
pacrmojyioKeHus  BbICOTOMepa  0e3  ydyeTa  JONOJHUTEIBHOTO  JABJICHMS,
BO3HUKAIOILIETO M3-3a Haleraromiero notoka npu aswxennn BC. Eciu Ha 10600
BBICOTE€ IIOMECTUTH HEIMOJABWKHBIM OOBIYHBIA OapoMeTp, TO OH M IOKAXKET
CTaTUYECKOE JIaBJICHUE.

CraTudeckoe JaBJI€HHE MOCTYNAET B TPyOONPOBOJA CUCTEMbI CTATUYECKOTO
JABIICHUSI U3 npuemHuxa 6030yuwiHoeo oaenenuss { (IIBJl) wnm npuemnHuka
CTaTUYECKOT'O JIABJICHHUS.

IIB/] nmpenna3HaveH [uisi IpUeMa HE TOJIBKO CTaTHUYECKOTO JABJICHMS, HO U
nonHoro pAasneHus. [IBJl 3akperuisiercs cHapyku ¢ro3ensbka W MPEACTABISET
co0oii TpyOKy, OpHEHTHPOBAHHYIO TIO HampaBjieHHio moneta. OTBepcTue,
HaIlpaBJIEHHOE HABCTpeUy HalerarouieMy IMOTOKY BO3AyXa, MPEJHA3HAYEHO IS
OpUeMa HOAHO20 O0aeleHus, KOTOPOE B BBICOTOMEPE HE HCIIOJIb3YETCS, HO
HE0O0XO0UMO ISl yKazaTened ckopocTtu. CTaTHYecKoe ke JaBJIeHUE MPUHUMAETCS
OOKOBBIMM OTBEPCTHUSIMH, KOTOpPBIE pACIHOJIOKEHbI TaK, 4YTOObI B HUX IIO-
BO3MO>KHOCTH HE I1011a,/1aJ1 Ha0eraromui NoToK.

Ha muorux tumax BC crarnueckoe naBieHUE NPUHUMAETCS OTICIbHBIM
OPUEMHUKOM  CTaTMUYECKOTO  JIaBJICHMWs, KOTOpBIM  MpencTaBisieT  coOoi
WIMHIPUYECKUN IITYyLep, HE BBICTYNAIOUIMM 3a OOLIMBKY camojeTa. A IOJHOe
naBieHue Ha Takux Tunax BC nOpuHHMaeTcss OTHENbHO PacHOOKEHHBIM
npueMHHUKOM 1orHoro Aasnenus (ITITT).

CymiecTByeT MHOIO TUIIOB OapOMETPUYECKUX BBICOTOMEPOB. IIpuHIMN nx
paboThl OAMHAKOB, PA3IMYAIOTCAd K€ OHU B OCHOBHOM YCTPOMCTBOM IIKajl. B
JIBYXCTPEJIOYHBIX BBICOTOMEpAX IO KOPOTKOW CTPEJIKE OTCUUTHIBAKOTCS ThICSYU
METPOB (KMUJIOMETPHI BBICOTHI), @ MO JJIMHHOM — JECATKHM M COTHU METpoB. B
OJTHOCTPEJIOUYHBIX BBICOTOMEpPAX — THICAYM METPOB HHIMLUPYIOTCA LuppamMu B
crenualibHOM oKomke (puc. 6.8). Bo3MOXHBI U Jpyrue BapHaHThI.

Kpome cTpenok, Mokas3blBalOIUX BBICOTY, Ha BBICOTOMEpE O0OS3aTENIbHO
uMeeTcsl HeOobIasl IKaja U CBA3aHHAs ¢ HeM KpeMajibepa YCTaHOBKH JIaBJICHUS
Po, TO ecThb JnaBieHHs, OT YPOBHS H300apHUUYECKOM TOBEPXHOCTH KOTOPOTO
OTCUUTBIBAETCS BBICOTA.

BeIicoTOMEpPBI MOTYT pPa3iav4YaTbCcsl M E€AMHHUIAMU W3MEPEHHS BBICOTBI —
METpbl WJIM, KaK MPUHATO 3a pyOexoM, PyThl (B 3TOM Ciydae HMX Ha3bIBaIOT
¢dyromepamu). [llkana ycTaHOBKM JaBJIECHUM TakKe MOXKET ObITh OLM(PpPOBAHA B
MUJUIUMETPAaxX PTYTHOro CToy0a, reKTomackamsx (Muwuimbapax) WiId ArodMax
prytHOoro cronba (B CILIA).

bosnee moapoOHO KOHCTPYKIMs 0apoMETpUYECKOro BeIcoTOMepa (puc. 6.9)
U3ydaeTcsl B Kypce aBUAllMOHHBIX PUOOPOB.

Ho nns mnpaBuibHOrO mpuUMEHEHUsT OapOMETPHUYECKOro BbICOTOMEpa
YCTPOMCTBO KOHKPETHOTO MpUOOpa HE UMEET CYIIECTBEHHOr0 3HaueHus. [ maBHOe
— MIOHUMATh IPUHIUI €r0 paboThl, YTO U KaK OH U3MeEpSIET.
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Puc. 6.9. YcTpoiiCTBO ABYXCTPEIIOYHOTO BEICOTOMEPA

Od4eBuHO, YTO HA CaMOM JIeJIe€ BBICOTOMEp, KaK M OOBIUHBINA OapomeTp,
u3MepsieT aTMocepHoe JaBieHrue Ha BbicoTe nonera. Ho mkana oTrpaayupoBaHa
HE B €/IMHUIAX JIaBJICHUS, @ B €IMHULIAX BBICOTHI, TO €CTh KXJIOMY U3MEPEHHOMY
JIaBJICHUIO TIOCTaBJIEHa B COOTBETCTBUE KAKasi-TO BHICOTA, KOTOPYIO U MOKA3bIBAIOT
ctpenku. KitoueBbIM MOMEHTOM B OHMMaHUU pabOThl BHICOTOMEpA SIBISIETCS TO,
4TO npu 2padyuposKe 6biCOMOMEPA CBA3b MeNCOY USMEPEHHbIM OdaleHuem u
UHOUYUPYEMOTL GbICOMOU  3ANI0JCEHA MAKAs Jice, KAKAsl CYWecmeyem MmedHcoy
SMUMU  GeTUYUHAMU 6 cmaHnOapmHou ammocgepe. Kak TOBOPST, BBICOTOMED
OTTPalyHpOBaH MO CTaHAAPTHOU aTMocdepe, TO eCTh B COOTBETCTBUU C (hOPMYIIOiH
(6.5).

JlomycTuM, 4TO Ha IIKajie AaBIeHUN ycTaHOBIeHO Py=760 MM pT.cT. B aTOM
cllydae TO CYTH BBICOTOMEp TMPEBpAIIAETCsS B MEXaHHW3MPOBAHHYIO TaOIHUIly
cTanaapTHol atmocdepsl (cMm. Taba. 6.1). JIroOOMy KOHKPETHOMY HM3MEPEHHOMY
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JIABJICHUIO COOTBETCTBYET BIIOJHE ONpPEAEICeHHAass  BBICOTA, IIOKa3blBaeMasi
npubOpoM, a HMMEHHO Ta BBICOTa, Ha KOTOPOM B CTaHAApTHOW aTmocdepe
JABIICHWE PABHO W3MEpeHHOMY. TO €cTh, €ciiM, HalpuMep, paclIupEHHE
aHEPOUJHON KOPOOKM COOTBETCTBYeT HaBieHU0 330 MM PT.CT., TO CTPEIKHU
BBICOTOMEpA MOKaXKYT BhICOTY 6500 M (cM. Tabi. 6.1). A ecii U3BMEPEHO J1aBICHUE
760 MM PT.CT., TO cTpenku nokaxyt H=0.

DTa CBA3b MEXKAY IABICHUEM M BBICOTOM OJHO3HAYHA U HE 3aBUCHUT HU OT
dakTHdeckoil (TE€OMETPUYECKOW) BBICOTHI CaMoOJieTa HAJl YPOBHEM MOpS WIH
a’poJipomMa, HU OT TEeMIIEpaTyphbl WU XapaKTepa €€ U3MEHEHHUSI C BHICOTOM.

[TonsTHO, YTO B peaqbHON aTMOc(epe 3aBHCHUMOCTH JABJIICHUS OT BBICOTHI
BOBCE HE Takas M KaXIblii pa3 paszHas. [losTomy mokazaHus 6apoMeTpUUYECKOTO
BBICOTOMEpa (OapomeTprueckas BHICOTa) BOBCE HE COOTBETCTBYET (haKTHUCCKOMY
paccrosiuuio 10 BC oT ypoBHsl Hauana orcuera. bapomeTpuueckas BbICOTa — 3TO
BOOOIIIE HE BHICOTA, TO €CTh HE PACCTOSIHUE OT OJTHOTO YPOBHS JI0 JIPYTroOro.

bapomempuueckasn evicoma — nokazanus udeaibHO20 6APOMEMPUYECKO20
gvicomomepa, omepadyupo8anHo2o no cmaroapmuou ammocgepe. Vlnu vHaue —
TO BBICOTA B CTAHAAPTHOM aTMocdepe, COOTBETCTBYIOUIAS H3MEPEHHOMY
3HAUYECHUIO JIaBJICHUSI.

Ha 1mkane pnaBieHuii BbICOTOMEpa MOXET OBITh YCTAaHOBJICHO HE
o0s13aTeNbHO 3HaUeHue 760 MM pT.CT., HO U Jt000€ apyroe 3Hauenue Py , nexainee
B Ipefenax IIKadbl jgaBieHus (Hampumep, oT 650 mo 790 mm  pT.cT.).
KOHCTpYKTUBHO BBICOTOMEP YCTPOEH TakuM oOpa3oMm, UYTO TpU BpalleHUU
KpeMaJibepbl YCTAHOBKHM [IaBJICHUSI BECh MEXaHW3M BMECT€ C AaHEPOUIHOMU
KOpPOOKOW M 3y0UyaThIMH KOJIECaMU TIOBOpPAYMBAETCs Ha onpeneneHHblil yroi. [Ipu
3TOM HE TOJBKO MEHSETCS YCTAaHOBJICHHOE Ha IIKaJle JaBJieHWe, HO U
MepEeMEIaOTCs CTPEIKU BbIcOTOMEpa (mpumepHo Ha 11 M npu HU3MEHEHUU
naBieHus Ha 1 MM PT.CT.). DTy omnepaiuio MOXXHO UHTEPIPETUPOBATH MPOCTO KaK
CMEIIEHHUE IIKaJdbl OTcueTra BhICOT. DopmMa KpHUBOMl 3aBUCHMOCTH [ABJIEHUS OT
BBICOTBI OCTajach TOM €, HO IIKaJia BBICOT CMECTUJIACH TaK, YTO MO HEW HYyJIEBOE
3HAYCHHUE BBICOTHI COOTBETCTBYET YCTAHOBJICHHOMY JaBjICHUIO (puc. 6.10).
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Puc. 6.10. YcraHoBKa aaBJieHUSA
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Taxum oOpa3om, BeicoTOMEp OyAET MOKa3bIBaTh HYJIEBOE 3HAYEHHUE BBICOTHI,
eciM aTMoc(epHOE [aBJIEHME B TOYKE €ro HaxXOXKJEHHUS PaBHO JIaBJICHUIO,
YCTAHOBJICHHOMY Ha IIKAJIE JIaBJICHUM.

[ToaTOMy MoOOKCHO npubIUdICEHHO Ccuumams, Ymo OaApoOMempuUdecKull
8blCOMOMEP NOKA3bl8AEm  B8bICOMY OMHOCUMENbHO VYPOBHA  U300apuiecKoli
NOBEPXHOCMU C MmeM 3HayeHuem O0daGleHusi, KOomopoe YCMAHOBIEHO Hda
gvicomomepe. TOUHBIM 3TO yTBEpKIEHHE OYyIeT TOJBKO B CTaHAAPTHON
atMoc(epe, a BO BCEX OCTAIBHBIX CIydasX MOKa3aHHs BBICOTOMEpa, KOHEYHO, HE
OynyT coBmamath C (HPaKTHUIECKOW (T€OMETpPUYECKOoi) BhICOTOM. M pacxoxaeHue
(MeToaMueckas TeMIepaTypHas MOTPEIIHOCTh) OyIeT TeM OOJbllle, YeM CHUIIbHEEe
dakTHyeckas TemrnepaTypa OTIHYAETCs OT CTaHIaPTHOM.

Cnenyer Xopomo IOHUMaTh, 4YTO OapOMETPUYECKHUN BBICOTOMEpP B
MPUHIIKIIE HE CIOCOOCH M3MEPUTh KaKyr0-JIM0O BBICOTY B IIPSIMOM CMBICTIE CJIOBA,
TO €CThb PAcCCTOSIHUE OT OJHOrO0 YpPOBHS 10 Apyroro. J(elCTBUTENBbHO, OTKyJa
BBICOTOMEP MOXKET «3HATh», HA KAKOM PACCTOSIHUM MOJ HUM HaXOAUTCS YPOBEHb
penbeda, adpoapoma WIM YpOBEHb MOps, TeM Oojiee mpu nosere Haxa cymeid. Ho
€CJIM Ha IIKaJIe JaBJIICHUI YCTAHOBUTH JABJICHUE HA a’3pPOJIPOME, TO OH, [0 KpalHeu
Mepe B CTaHAapTHOW arMmocdepe, MOKaKET BbICOTY Haja H300apHUuecKoi
IIOBEPXHOCTBIO, MPOXOJALIEN YEpe3 a’dpoJpoM, TO €CThb BBICOTY HAJl YPOBHEM
a’posipoma. Eciny yCTaHOBUTH JaBJIECHUE HA YPOBHE MOPSI — MOKAXET BBICOTY HAJl
ypOBHEM MoOps. B mpuHIuMNE, MOXHO YCTaHOBUTH JIOOOE [1aBJIEHHE, BOBCE HE
COBIIAJIAI0IIEe HU C KaKUM (U3UYECKUM YpoBHEM, Hanpumep, 700 MM prt.cT. ['ne-
TO B TMPOCTPAHCTBE paclojaraercd u3o0apuyeckass MOBEPXHOCTh C OSTUM
JaBJIEHUEM (B CTaHJApPTHOW aTMoc(epe OHa HaXOJIUTCA Ha BbicoTe nmpuMepHOo 700
M HaJl ypoBHEM Mopsi). B 3aBUCHUMOCTH OT MECTHOCTH (a B pealibHOM aTtMocdepe u
B 3aBMCUMOCTH OT MOTO0JIbl) 3Ta MOBEPXHOCTh MOXET pacroyiaratbCs W BhIIIE, U
Huxke penbeda mectHoctu. Ho B mo0OoM citydae BeIcCOTOMEP OyAET MOKa3bIBaTh
BBICOTY, OTCUUTBHIBAEMYIO OT €€ YPOBHS (B peanbHOM aTMOoc(epe — HETOYHO).

Kpome crpenok, Ha BBICOTOMEpPE HMEIOTCA HEOOJbIINE TPEYroibHbIE
UHJICKCBI, KOTOpBIE IEPEMEIAlOTCs IO IIKale BBICOT M IMOKa3bIBAIOT (OAMH —
TBICSIUH, IPYTOM — IECATKH U COTHU METPOB) BBICOTY N300apUUYECKOM MOBEPXHOCTU
C YCTAQHOBJICHHBIM JaBJICHHEM HaJ| YPOBHEM H300apUUYEeCKOW IMOBEPXHOCTH C
napienreM 760 mm.pT.cT. Pazymeercs, eciin yCTaHOBIEHO naaBieHue 760 mm
pPT.CT., TO TpPEYroJIbHbIE HHAEKChl YCTAaHOBSITCS Ha HOJb. ECIu yCTaHOBUTS,
Hanpumep, nasiaeHue 750 MM pT.CT., TO MHAEKCHI TOKAXYT BbICOTY TpuMepHO 110
M. DTO PacCTOSHUE MEXIY U300aprUuecKUMH moBepXHOCTSIMU 760 1 750 MM pT. CT.
(Oapuyeckasi CTyNEHb COCTaBJI€T MPU 3TUX JABIEHUSAX MpuMepHO 11 M/Mm
pT.CT.).

Takum 00pa3om, MUJIOT, yCTAHABIMBAS JAaBJICHUE, CaM BBIOMpPAET YPOBEHb,
OT KOTOPOTO BBICOTOMEP OYJIET MOKa3bIBaTh BHICOTY. [Ipu BpareHun KpeMalibephol
YCTAHOBKH JIaBJICHUSI OJJHOBPEMEHHO U3MEHSIETCA JaBJICHUE HA IIKAJIe IaBJICHUMN U
BBICOTA, KOTOPYIO IIOKa3blBAIOT CTpeJKU. IIpy 3TOM T1pu  yMEHBIIEHUU
YCTaHOBJICHHOTO JIaBJICHUS U MOKa3aHUs BBICOTOMEpa OynyT yMeHbIIaThCcs. Bemnnb
YpOBEHb HM300apHUECKOM TMOBEPXHOCTH, OT KOTOPOMl OTCUMTHIBAETCS BBHICOTA,



206

CTAaHOBUTCS BBINIE U, CIEJOBATEIHHO, PACCTOSHUE IO YPOBHS TOJIETa MEHBIIE
(puc. 6.11).

T .

Po,

Po,
PI/IC. 61 1 I/ISMCHQHI/IG YCTaHOBHCHHOI‘O HABJICHHUA U BBICOTBI

Korma mnumior B mojieTe BBIACPKUBAET 110 BBICOTOMEPY MOCTOSIHHYIO
0apoOMETPUUECKYIO BBICOTY, 3TO BOBCE HE 3HAUYUT, 4T0 BC JeTUT Ha MOCTOSTHHOM
BBICOTE B F'€OMETPUYECKOM CMBICIIE 3TOrO CIIOBA. JTO O3Hayaer, uro BC nerur
TaK, 4TOObl CTaTUYECKOE JABJICHHE, TO €CTh JIaBJICHUE Ha BBICOTE, COXPAHSIOCH
MOCTOSIHHBIM. Begp HMMEHHO €ro Ha caMOM Jiefie H3MEpSeT BBICOTOMED.
CnenoBarenbHo, BC yeTuT mo u300apuyecKoil MOBEPXHOCTH, MOBTOPSASI BCE €€
U3ruoel B peasibHOM atmocdepe. [Ipu 3TOM HETPyHHO ONpEACNUTh U YUCIECHHOE
3HAUCHUE JABJICHUS Ha 3TON M300apUYeCKON MOBEPXHOCTH, TO €CTh JaBJICHHUE 3a
o6optom. Eciam Ha BblcOTOMEpE YCTaHOBIEHO naaBieHue 760 MM pT.cT., a
BBICOTOMEP MOKA3bIBACT BBICOTY, Hampumep, 3000 M, To 1o Tabiuiie CTaHAapTHOM
aTMoc(epbl, MO KOTOPOM M OTTPaJyUpOBaH BBICOTOMEP, MOXXHO IOCMOTPETh
COOTBETCTBYIOILIEE 3TOW BbICOTE JaBiieHrne. B qanHoM mpumepe 525,7 MM PT.CT.

6.5. [lorpeumrHocTy 6apoMeTPHUYECKOr0 BHICOTOMEPA

Hocpewinocmu u nonpagku. JloOble TpUOOPB, B TOM  YHCIIE
HABUTAIIMOHHBIC, TI0 Pa3HBIM MPUUYMHAM HETOYHO HU3MEPSIIOT T€ BEJIUYUHBI, IS
WU3MEPEHUS KOTOPBIX OHU MPETHA3HAYCHBI.

lozpewinocms — 2mo pasHocmb MexHcOy USMEPEHHbIM U (HaKmuyecKum
3Hauenuem uzmepsiemou eeauyunsl. Hampumep, ecnum (axkThueckas BbICOTa
coctaBisier 3000 M, a BbeicoTOMep TMOKa3biBaeT 2980 M, TO MNOTrPEHIHOCTh
COCTaBJISIET

2980—3000= —20 m.

Hist  Toro, dYTOOBI 1O W3MEPEHHOMY 3HAYCHUIO BEJIWYMHBI y3HATH
(dhakTHyecKoe, HEOOXOJUMO 8blYeCMb HOCPEUIHOCMb, WA, 4YTO TO JKE€ CcaMoe,
npubasums K  U3MEPEHHOMY 3HAUCHUIO  GEIUYUHY,  HPOMUBONOJIOHNCHYIO
nocpewHocmy no 3HAKy. OTa BeJIMYMHA Ha3bIBaeTcsl nonpaskou. Jlius
IIPUBEICHHOTO TpUMeEpa nonpaska coctapisieT +20 M:
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Hy=2980 — (—20)= 2980 +20=3000 m

PaccMoTpeHHbI€ B MPEABIAYIIMX TJIaBaX MAarHUTHOE CKJIIOHEHUE, JIEBHAIIMS,
a3uMyTajbHasl MOMpaBKa SIBISIIOTCS UMEHHO MolpaBkamMu. Beab B COOTBETCTBUU C
NpaBUJIOM YydYeTa TOMPaBOK sl TMepexoja OT H3MepeHHOro (mpubOpHOro)
3HaueHUA K 0o0Jiee UCTUHHOMY HUX HEOO0XOJUMO MpUOaBIATH (pasymeercs, cO
CBOHM 3HAKOM).

Takum 00pa3oM, MOrPEeIHOCTh M IONpPaBKa OAWMHAKOBBI MO a0COJIOTHOM
BEJIMYMHE, & PA3INYAOTCS TOJIBKO 3HAKOM.

bapomeTrprueckuii BBICOTOMEP UMEET Pl IMOIPEIIHOCTEN, Pa3IMYaArOIIUXCS
10 BBI3BIBAIOIIUM MX puuuHaM. [lorpenHocTy, BI3BaHHbIE pa3HBIMU (haKTOpaMH,
CKJIaJbIBAIOTCSA, 0OO0pa3ys OAHY OOIIyI0 MOTPEIIHOCTh — Pa3HOCTb MEXIY
npuOOpHON U (HaKTUUECKOM BHICOTAMH.

Hucmpymenmanvnovle nozpewinocmu BbI3BaHbl UYHUCTO TEXHUYECKUMU
IPUYMHAMHU — HETOYHBIM M3TOTOBJIEHUEM U (U3MUECKUM H3HOCOM mpubopa. Hu
OJIMH PUOOpP HEBO3MOXKHO M3TOTOBUTH A0COJIOTHO TOYHO. MHOXKECTBO NPUUYUH
BBI3bIBACT UHCTPYMEHTAJIbHBIC TIOIPEIIHOCTU: HE U/IE€aJIbHO COOJIIOEHBI pa3Mephl
neTaned npubopa, BOSHUKAET TPEHUE B ABIKYIIMXCS YaCTSX, AE€TAIH MOABEPKEHBI
TEMIIEpAaTypPHOMY pPAaCUIMPEHHUIO, HE COBCEM TOYHO YCTAHOBJIEHA WIKaja WIN
Haca)keHa Ha oOcbh cTpeika mnpudopa... IloHATHO, 4TO uHcmpymenmanvhvie
NO2PEUHOCIU SAGISIIOMCA UHOUBUOYANbHBIMU OJISl KAXHCO020 IK3eMNaapa npubopa,
Jaxe eclii 3To mpuOopsl oxHoro Tuna. Ho 1s pasHBIX 3HAYEHUM BBICOTHI
BEJIMYMHA TOTPEIIHOCTH MOXKET ObITh pasHoil. Hampumep, Ha BbicoTe 2000 M
BbICOTOMEp NoKa3biBaeT Ha 10 M Oosbiie, a Ha BeicoTe 8000 M Ha 25 M MeHbILIE.

3Ha4YEeHHS] UHCTPYMEHTAJBHBIX MOTPEIIHOCTEN ISl KaKJI0OTO BBICOTOMEpA C
YCTAaHOBJICHHOW  NEPUOJUYHOCTHIO ONMPENENSIOTCA  AKCIIEPUMEHTAIBHO €
MOMOUIBIO CHIELMATIEHOTO 000PY0BAHNSI HA36MHBIM TEXHUYECKHUM COCTaBOM.

A3poounamuueckue nozpewiHocmu BbI3BaHbI TEM, UTO JABJICHHUE B KOPILyCe
0apoOMETPUYECKOr0 BBICOTOMEpPAa MO KaKUM-IMOO NpPUYMHAM OTJIMYAETCS OT
CTaTUYECKOro naaBiieHusi 3a O6optom. Hampumep, ecnu 3a 6oprom P.,=354 mm
pT.cT. (B cTaHmapTHOU atMocdepe cooTBeTcTBYeT BbicoTe 6000 M), a B Kopmyce
BBICOTOMEpA 0Ka3aJoch JaBjeHUE 355 MM PT.CT., TO BBICOTOMEP MOKAKET BBICOTY
COOTBETCTBYIOIIYIO MMEHHO 3TOMY JaBieHHUIO — 5979 M, MOCKOJbKY Ha STOMU
BBICOTE OapuyecKasi CTYIeHb COCTaBIsAE€T MPUMEPHO 21 M/MM PT.CT.

OCHOBHOW TPUYMHOM, BBI3BIBAIOIIEN A3POAMHAMHUYECKYI) IOTPEIIHOCTb,
ABJIIETCSI M3MEHEHHE XapakTepa OOTEKaHUs BO3AYXOM OTBEPCTHUS NPUEMHHKA
cTaTudeckoro nasieHus. Kak yxe oTMedaloch, 3TO OTBEPCTHE Pa3MENIAlOT B
TaKOM MeCTe, 4TOOBI B HEro He IoIajaajil HaOeraronmi motok. Ho ¢ m3MeneHuem
CKOPOCTH U BBICOTHI, a Takke KoHpurypauuu BC ( monoxkeHus 1maccu, 3aKpblUIKOB
U JIpyrol MeXaHM3allMM) XapakTep OOTEeKaHHs CYIIECTBEHHO MEHSETCS.
VYpouieHHO TOBOPs, B OTBEPCTHE MOXKET «3ayBaTh» 4acTh HaOETaoIero MmoToka.
CoznaBiieecs B pe3ynbTaTe 3TOTO HENPAaBUIIBHOE JABJICHHUE U MONAAET B KOPITYC
BBICOTOMEPA.
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Cnenyer oOpaTUTh BHHMAaHHE Ha TO, YTO C YBEJIUYCHHEM BBICOTHI
a’poJIMHAMHUYECKasl  MOTPEIIHOCTh B CpPEJHEM  BO3PACTAECT, IMOCKOJBKY
yBeJIM4YuBaeTCcsl Oapuyeckas cTymneHb. KakaoMy MHILUIUMETpPY PTYTHOTO CTOJI0a
MOTPEIIHOCTH M3MEPEHMsI JAaBJICHUS COOTBETCTBYET BCE OOJbIee KOJIUYECTBO
METpPOB.

Ou4eBHUIHO, UTO GeNUUUHA AIPOOUHAMUYECKOU NOSPEUHOCU 3a8UCUM OM
ckopocmu, gbicomul nonema u kongueypayuu BC.

Ecnu psimoM Ha OIMHAKOBOM BBICOTE M C OJMHAKOBOW CKOPOCTBIO JIETAT JIBA
BC omgHOTO M TOTO € THIIAa B OJMHAKOBON KOH(PUTYpAIUHU, TO U BO3AYX HX OyIeT
oOTeKkaTh  COBEpIICHHO OAuWHAKoBO. CIemoBaTEeNbHO,  A3POOUHAMUYECKAS
nocpeuHoCcns TIPYA TIPOYNX PAaBHBIX YCIOBUAX (CKOPOCTH, BHICOTA, KOH(PUTYpAITHS)
0yoem 0OUHAKOBOU He MONbKO OJisl KAHCO020 8blcOmMoMepPd, YCMAHOBIEHH020 HA
BC, no u ona ecex BC oannozo muna. 1103TOMy 3HaUY€HHS a3pOJAMHAMHYECKOU
MOTPEIIHOCTU OIPEACISAIOT OJIMH pa3 MPHU JIETHBIX UCIBITaHUSIX HOBoro tumna BC.
3HaueHHUs] OTUX TOTPEIIHOCTEed mpuBeneHbl B PyKoBOJACTBE MO JIETHOM
skcruryatanuu (PJID).

Cymmapuasn (npubopnas) nonpaska. HNHcTpymMeHTaIbHBIC u
a’pOJAMHAMUYECKHE TMOTPEIIHOCTH BBICOTOMEpPA MPHUHATO CKIIAJBIBaTh, 00pa3ys
CYMMapHYyI0 TIOTPEIIHOCTh. BennunHa, NPOTUBOMOJIOXKHAS €H 10 3HaKy,
HA3bIBAETCSI CYMMapHOM (a2 MHOT/Ia — MPUOOPHOIL) MOIMPaBKOW BEICOTOMEpA!

AH,,= AH,c + AH,,

B mannom Belpaxkennun AHg, , AH,;. , AH,,, — cooTBeTCTBEHHO CymMMapHas
(mpubopHast), UHCTPYMEHTAJIbHAS U a3pOJIMHAMUYECKAsl NONpPABKY BBICOTOMEPA.

3HaueHUs a’pPOJMHAMUYECKON MOIMPABKHU JJIsl KaXKIOW BBICOTHI OepyTcs W3
PJID, mockonbKy OHM OJWHAKOBBI JIS BCEX BbICOTOMEPOB naHHoro tuna BC.
NHcTpyMeHTalIbHBIE ~ TONPABKH, KaK  I[OKa3aHO  paHee,  ONpEelesaroTCs
AKCHEPUMEHTAIIBHO ISl KaXKI0TO SK3EMILISIpAa BBICOTOMEPA.

C ydeToM CyMMapHBIX MONPaBOK JJIsl Ka)KJIOrO SK3EMILISIpa BbBICOTOMEpA
COCTABJISIFOT OOPTOBBIE TAOIHIIBI, KOTOPHIE HAXOATCA B KaOMHE JIETHOTO IKHUIIAXKa
U HCTIOJNB3YIOTCA UM MPU U3MEPEHUH U 3aHSATHUU BBICOTHI. B 3aroioBke TaOIUIIBI
yKa3bIBalOTCs THUN U OopToBoit Homep BC, Bua um HOMEp BBICOTOMEpA, jJara U
OTBETCTBEHHBIM 3a COCTaBJICHHE TaOIUIBI. B OCHOBHOM 4YacTH TaOJIMIIBI
YKa3bIBAIOTCS HE 3HAYEHHUs TMIONMPABOK, KakK 23TO JeNlaeTcsl, Hampumep, MOpu
COCTaBJICHUU TaOJIUIIbI IEBUAIIMM MATHUTHOTO KOMIIAca, a 3HAUCHUS BBICOT YXKE C
y4eToM TomnpaBku. Kaxxnomy 3HA4YEHUIO 3a0aHHOU 6vlicomwl dwenroHa H,, B
TaOJHIE COOTBETCTBYET nokasauue evicomomepa H,, na smoii évicome ¢ y4eTOM
CyMMapHO} MONPaBKH:

H,,=H,,—4H,,.

DTO CcAENaHo AJisi UCKJIIOYEHUS] BO3MOXKHOCTHU MEpPenyTaTh 3HAK MPU YUYETE
MIOTIPABKH.
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[Ipu 3aHATHMM 3aaHHOW BBICOTHI MUJIOT O0s3aH YYUTHIBATH CYMMAapHYIO
(mpubOpHYI0) MOMpPaBKy, TO €CTh 3aHUMATh BBHICOTY MO MPUOOPY, ONPEICICHHYIO
10 TaOJIUIIE.

Memoouueckasn memnepamypHas nozpewtnocmso Ha3bIBaeTCsA
METOJMYECKOW, TIOCKOJIbKY OHa OO0YyCIIOBJIE€HA CaMHUM METOJIOM H3MEpPEHUS
BBICOTBI, 3aJ0KEHHBIM B BbICOTOMEpe. Ee BenuumHa oAMHAKOBa [ BCEX
0apoOMETPUYECKUX BHICOTOMEPOB.

Kak mnoxa3ano B Hayase JaHHOM IJIaBbl, CBSI3b JABJICHUS M BBICOTHI HE
ABJISIETCS OJHO3HAYHOM, OHA 3aBUCHT €Hleé M OT XapakTepa W3MEHEHUs
TeMIepaTypbl BO3AyXa C BbICOTOH. B rpagyupoBky OapoMETPUYECKOIO
BBICOTOMEPA 3AJI0KEH TAKOM 3aKOH U3MEHEHMS TEMIIEPATYPBI C BBICOTOM, KOTOPBIN
COOTBETCTBYET CTaHIAapTHOW armocepe. B peambHOl ke aTMochepe KaKIblid
JIeHb, KaXIBIH Yac M B pa3HbIX Treorpapuyeckux MyHKTax 3aBUCUMOCTD
TEMIIEPATYPhI OT BBICOTHI Pa3jInyHA U, CJIEIOBATEIIBHO, 3aBUCUMOCTh JABJICHUS OT
BBICOTBI OTJIMYAETCS OT CTaHIAAPTHOU aTMOC(EpHI.

JlaBiieHHE Ha BBICOTE II0JI€Ta, U3MEPEHHOE C IOMOIIBI AHEPOUIHOU
KOpOOKH, «1rpeoOpasyercs» 0apoMeTpUUECKUM BBEICOTOMEPOM B
0apoMeTpHYECKyI0 BBICOTY IO mpudopy H,, B COOTBETCTBUM C TaOIMLEi
cTaHnapTHOU atMoc(epsl. DakTudeckas ke BbICOTa [ , TO €CTb FEOMETPUYECKOE
paccTOsIHUE IO BEPTUKAIH, OYJET IPYTOM.

Meroanyeckass TeMIeparypHas no2peuHocms BBICOTOMEPA — 3TO Pa3HOCTH
H,, nw Hj CoOOTBETCTBEHHO, METOAWYECKAasi TEeMIEpaTypHas mnonpasBka AH;
IIPOTUBOIIOJIOKHA €1 110 3HAKY:

AHy = Hy — H,),.

PaccmoTpum aBe KpuBBIE 3aBUCUMOCTH JABJIEHUs OT BBICOTHI IIPU OJHOM U
TOM € JaBJICHMM Ha ypOBHE Haudama oTcuera (puc. 6.12). Omna kpuBas
COOTBETCTBYET TeMIIEpaType B CTaHJApTHOI aTMocdepe, a BTOpasi COOTBETCTBYET
YCIIOBHSIM, KOTJIa TEMIIEPATypa HUXKE CTAHIAPTHOM, HAIIPUMED, 3UMO.

A

Puc. 6.12. TemneparypHas NOrpeIIHOCTh BEICOTOMEPA
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MoxxHO BUAETH, YTO OJAHOMY M TOMY XK€ HU3MEPEHHOMY 3HAUYCHHIO
CTaTUYECKOro JaBJjeHUs P, COOTBETCTBYIOT pa3Hble BHICOTHI. bapomeTrpuueckuii
BBICOTOMED, OTTPaJAyHMpPOBAaHHBIH 110 IIEPBOM KPUBOM, MOKAXKET /1, HE3aBUCHUMO OT
TOro, KakoBa TeMneparypa. @akrtudeckas ke BbIcOTa /1 OyAeT 3aBUCETH OT TOTO
KaK KMEHHO, IMOJ KaKUM HaKJIOHOM HJET BTOpas KpuBas, HACKOJIbKO OHa
OTKJIOHSAETCS OT mMepBOoM (cTaHmapTHOM) KpuBoil. UYem Ooibliie Temmeparypa
OTIIMYAETCsl OT CTAHJAPTHOM, TeM OoJibllle OYIET PacCXOXKICHUE KPHUBBIX, TEM
Oomnpiie OyayT pa3nudathbCsl MpuOOpHas W (HAKTUYECKas BBICOTHI, TEM OOJIBIIE
Oyzaer TemmepaTypHas morpemHocTb. OHa MOXET JTOCTUraTh JAECSITKOB M COTEH
METpPOB, 0OCOOCHHO Ha OOJBIINX BHICOTaX U MPU HU3KHUX TeMIepaTypax.

W3 pucyHka Takke MOXHO BHUJAETb, YTO Ha OONBIIMX BbIcOTax (korma P,
mano) AH;, BbI3BaHHas PacXOKICHHEM KPUBBIX, OOJIbIIE, YEM Ha MAJIbIX BBHICOTAX.

Kpusbie (cMm. puc. 6.12) WIIIOCTpUPYIOT ciydaid, Koraa QakThdecKas
TeMIeparypa Hudice (XoiooHee), yem memnepamypa 6 CmaHoapmHol ammocgepe.
3neck BbicOTa O MpuOOpy Oosblle, 4eM (pakTHUecKas, TO €CTh BBICOTOMEpP
3aevluiaem BBICOTY. DTO CaMblii HEOJIArOmMpHUSATHBIMA CiIy4ail C TOYKH 3pECHUS
Oe3omacHocTH nosietoB. Hanmpumep, MUIOT OTCUMTHIBAET MO BBICOTOMEPY BBICOTY
1000 M, a Ha camom nienie BbicoTa 800 M. DTO MOXKET yrpokKaTh CTOJIKHOBEHUEM C
HPETISITCTBUEM.

Takum o00pa3oMm, HEOOXOAMMO IOMHHUTBH: 8 XO0JN0OHOe épems 2o0a (IpH
TEMIIEpaType HUXKE CTaHAAPTHON) OapomempuuecKuii 8biCOmomep NOoKA3bleaem
gvicomy Ooavuie ¢haxmuyeckou. Memoouueckas memnepamypuas Nonpaexda, TO
€CTh Pa3HOCTh (DAKTUUECKON M MPUOOPHOU BBICOT, mem Ooabuie no aOCOMOMHOLU
genuyune, 4em cuibHee memnepamypa Omauyaemcsi om CMAaHOApMHOU U YeM
oonvue cama evicoma nonema. Hanpumep, eciu Bbicota o npudopy 10000 M, a
Temriepatypa y 3emuin —40°, To MpU TaKuX yCJIOBHSX (PaKkTUUecKas BHICOTA MEHEE
9000 M, To ectb AH; mpeBbITIIacT KUIOMETp!

Ha ocnoBe ¢opmynsl Jlaruiaca (6.2) MOXHO TOJNYYUTH CIEAYIONIYIO
dbopmyny s pacuera mnomnpaBku AHy:

AH, :£H¢, (6.6)
TCp-qb
rae AT OTKIOHEHuE TeMIlepaTyphl OT CTaHAAPTHOM;
H, — dbakTryeckas (reomeTpuyeckas) BbICOTA,
Tepp — cCpenssAs aOCONOTHAs TeMIepaTypa CJIOs BO3JyXa MEXIy YPOBHEM
Hayajia OTCUYETa BHICOTHI U YPOBHEM BBICOTHI MOJIETA.

Paccmotpum mpumep. Jonmyctum, uto BC metutr Ha aOCONIOTHON BBICOTE
H;=3500 M. HM3BecTHO, 4TO Ha OIM3IIEKAIIEM a’poApOME C IPEBBILICHHEM
H,,,=2000 m ¢axtuyeckas temneparypa t,=—30° , a cpeguss Temmeparypa cios
BO3lyXa OT YpPOBHA MOpsA A0 BBICOTBI monera t,,,=—35° C. Kakywo BbICOTY
MOKaXET BBICOTOMEp, HAa IIKaJ€ JABJIECHUH KOTOPOrO0 YCTAHOBJIEHO 3HAYECHHE
JIaBJICHHS HA YPOBHE MOps?

Haitnem crangaptHyro TeMnepaTypy Ha adpoApOME.
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t.,.=+15 - 6,5 Hasp [km] = +15—6,5 2 =+15—-13=+2° C.

Haitnem oTki1oHeHHE (QaKTHYECKOH TeMIlepaTypbl  Ha a’poJpoMe OT
CTaHJApPTHOM:

At=—30—(+2)= —32°.

OueBHIHO, YTO pa3HOCTh a0COMIOTHBIX Temiiepatyp (o KenbBuHy) paBHa
paszHoctu Temneparyp no Llenscuto, To ecth AT= At=—32 K.
Cpennsst abcomoTHAs TeMIepaTypa Cliosl BO3ayXa:

Tep =273+ 1, ,=273+(—35)=238.
Torna TemneparypHas nomnpaBka paBHa:

AH, = _—323500 =—471m.
238

BricoToMep nmokaxkeT 6apoMeTpUIECKYIO BBICOTY 10 IPHOOPY
H,,=H,; — 4H=3500 — (—471)= 3971 m.

[lonpaBka B IaHHOU (GopMmyle @viuumaemcs B COOTBETCTBUH C MPABUIIOM
ydeTa MOMpPaBOK, MOCKOJIBKY OCYIIECTBIISIETCS NEPEX0/ OT (PaKTUUeCKON BBICOTHI,
TO €CTh 00JIe€ KUCTUHHOWY, K IPUOOPHON BHICOTE.

Takum ob6pazom, BC nmetut daktuueckun Ha BbicoTe 3500 M Haj ypoBHEM
MoOps, a BeEIcoToMep nokasbiBaeT 3951 m. Ecim ke munort 3aitmer 1o ipudopy 3500
M, KaK 3TO, HaIpUMep, YKa3aHO Ha CXEMe 3axoja Ha mocajky, To gakruyecku BC
OyzeT yiereTh puMepHo Ha 470 M HUKE U MOXKET CTOJIKHYTHCS C TIPEMSTCTBUSIMH.

Orcroga crnemyer, 4YTO METOAMYECKas TeMIIepaTypHasi  IOIpaBKa
BBICOTOMEpA JIOJDKHA 0053aTeNIbHO YYUTHIBATHCS TIPHU pacyeTe 0e30MaCHBIX BBICOT
MOJIe€Ta, TAPAHTUPYIOIIMX OT CTOJIKHOBEHHSI C MPEMATCTBUSAMHU, a TAKKE IpHU
3ax0/ie Ha TMOCagKy, TO €CTb BO BCEX CiIyyasix, KOIJa HeOoOXOAMMO 3HaTh
(aKkTHYEeCKOE PacCTOSIHUE /10 3eMJIU (MPENATCTBUS).

®opmyna (6.6) sBIsSETCS YHNPOIIECHHOM, MOCKOJIBKY MpPEArnojaraeT, 4To
dakTuyeckass TemIepaTypa BO3JyXa Ha BCEX BBICOTAX OTKJIOHSETCS OT
CTaHJAPTHOM TeMImepaTypbl Ha 3THX BBICOTaX Ha OJHY W Ty Xe BenuuuHy. Ha
caMOM JIeJie 9TO, Kak MpaBuio, He Tak. Eciau BOIM3M ypOBHS MOPSI OTKJIOHEHHE
TeMmnepaTrypbl OT cranaapTHol (+15°C) MOXeT COCTaBisATh NECSATKH TIpaayCoB
(Hanmpumep, 3uMoil Temrepatypa MoxkeT O0bITh 1 —50°C), TO Ha OOJBIINX BHICOTAX
otkjoHeHue Ha 20-30°C BcTpeuaeTcs peliko.
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Taxke MOXXKHO BUAETH, YTO pacyueT Mo 3TOH (HopMyIe SIBISIETCA HECKOJIBKO
TPYJIOEMKHUM W HE O4YeHb YI0OHBIM. IIpakTmdeckue criocoowl yuera AH; Oyayt
paccMOTpeHbl B IJIaBe y4ye€OHOro MOCOOMsI, MOCBSILEHHOM pacueTy Oe30MacHBIX
BBICOT.

Ilpouue nozpewsnocmu. llepedncieHHbIE BBIIIE BHIBI NOTPEIIHOCTEN
0apOMETPUUECKOI0 BBICOTOMEPA SIBIISIFOTCSI OCHOBHBIMU M BCETr/Ia MPHUCYTCTBYIOT
IPU U3MEPEHHH BBICOTBI. B  HEKOTOPBIX CilydasgX MOIYT BO3HUKATh U
JOTIOJTHUTENbHBIE MOTPEHOCTH. VX OOBIYHO HEBO3MOYKHO Y4Y€CTh IyTEM BBOJA
COOTBETCTBYIOIIMX TompaBok. Ho HeoOXoauMo 3HATh O CYIIECTBOBAHHMU 3THUX
NOTPENIHOCTEN, MPUYMHAX UX BOSHUKHOBEHUS U CTPEMUTHCS M30E€raTh Noma aHus
B TAKH€ YCJIOBHS, KOTJIa OHU BO3HUKAIOT.

1. Ioepewnocms uz-3a HemouHoU YCMAHOBKU OABAEHUSA HA BbICOMOMEPE.
bapoMerprueckuii BBICOTOMEp IOKAa3bIBAET BBICOTY OTHOCUTEIBHO YPOBHS TOM
N300apUYECKON IMOBEPXHOCTH, AABJIECHHWE KOTOPOM YCTAaHOBJIEHO Ha €ro IIKaje
JnaBiaeHud. Ecimy ke muiioT cily4ailHO yCTaHOBWJI HE TO 3HAUYEHHUE JIAaBIICHMS,
KOTOpO€ TpeOOoBaJIOCh, TO BEICOTOMEP OyZET MOKa3bIBaTh BBICOTY YK€ OT JAPYroro
YpOBHsI. BO3HUKHET NOIpEMIHOCT U3MEPEHUS BBICOTHI [0 CPABHEHUIO C TEM €€
3HaYCHHEM, KOTOpOE€ Ha CaMOM JieJe HeoOXoauMo 3HaTh nwioTy. Herpynno
yOeauThCsl B TOM, 4YTO MOTPEIIHOCTH B OJWH MMJIJIMMETP PTYTHOTO CTOJ0A
COOTBETCTBYET IOTPELIHOCTD B BBICOTE, paBHAsl BETUUUHE OApUUecKol cmyneHu Ha
YpO8HE Mo20 0aéeHus, KOmopoe YCMAaHo81eHO Ha 8blCOMOoMepe.

Hanpumep, ecnmu BMecTo gasinenus 760 MM PT.CT. TAJIOT YCTAHOBUI 758 MM
pPT. CT., TO BRICOTOMEp OYAET MOKa3bIBaTh BHICOTY HA 22 M MEHbIIE MPaBUIHHOM,
IIOCKOJIbKY Ha ypoBHE AaBiieHus 760 MM pT.cT. Oapuyeckasi CTyleHb COCTaBISET
11 M/mMM pr.cT. BennunHa 3TOH NOTPEIIHOCTU He 3a8UCUMm Om MO20, HA KAKOU
svicome nemum BC, a 3aBUCHUT OT BEJIMYUHBI YCMaHo81eHHo20 NaBienus. To ecTs,
Py yCTaHABIMBAEMBIX naBieHusx 750 m 710 MM PT.CT. MOTPEUIHOCTH OYIET
pa3HoM, XOTS W HE3HAUMUTEIbHO, HO JI KaXKIOrO0 M3 STUX 3HAuYeHUl Oyner
onnHakoBa 1 Ha BeicoTe 600 M, 1 Ha 10 000 M.

He6onpimme ciydaliHble MOTPEeIIHOCTH YCTAHOBKU JaBJICHUS, HaIpUMeEp,
BbI3BaHHbIE HEOPEKHOCTHIO MUJIOTA, HE CTOJIb OMNACHbBI, MOCKOJbKY HE CTOJb
BeIUKH. l'opazno Xyxke, Korja MNWIOT YCTaHABIUBACT HEGEPHOE 3HAYEHUE
nasnenus. [lepen 3axoq0M Ha MOCagKy HAa BBICOTOMEPE IOJIOKEHO YCTAHABINBATH
JABJICHUE a’pOoJIpOMa, 3HAYEHUE KOTOPOro NHJIOTY COOOLIAeT JUcCIeTdep.
O4eBuHO, 4YTO TIOCIE €ro YCTAaHOBKM BBICOTOMEp OyAeT IOKa3bIBaTh
OTHOCUTEJIBHYIO BBICOTY HaJl YPOBHEM a’pojipoMa. Eciiu jxe NuIIoT He pacciblial
WIM HENPaBUJIBHO TMOHSAJI HHPOpPMALMIO JUCHETYepa U BCIEICTBHE HTOTO
YCTAaHOBWJI HEMpPaBWJIbHOE AaBJICHUE, TO ATO MOXXET MPHUBECTH K KaTacTpode.
JlomycTtuM, Ha TOpHOM a’poapome nasiieHne 650 MM pT.CT., @ TWJIOT MO OIIKOKE
yctaHoBua 750 MM pT.cT. DTO O3HA4YaeT, 4TO BHICOTOMEpP OyAeT IMOKa3bIBATh
BBICOTY OT YpOBHS, KOTOpbIM Haxoautcs Oojee yem Ha 1100 M HIKe YpOBHS
a’poapoma. B pesynbTaTe npu CHIWKEHUHU, KoTa npudop OyaeT mokassiBaTh 1100
M, IPOU30UIET CTOJKHOBEHHE C 3EMIIEH.
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2. Iloepewnocms u3-3a 3ana3obi6anus NOKA3AHULL 6b1COMOMeEPA BO3HUKAET B
Habope wiu cHmkeHnu BC u BbI3BaHa TeM, YTO BO31yX o0OJsafaeT BsA3KocThio. [Ipu
cHiwkeHun BC naBieHue 3a 60pTOM OBICTPO YBEIMUMBAETCS, HO M3-3a BSI3KOCTH
BO3/lyXa JJaBJICHHUE B KOPILyCE BHICOTOMEpPA HE CPa3y BBIPABHUBAETCS C J1aBJICHUEM
3a OOpTOM. A B€Jb MMEHHO Ha 3TO JABJICHUE PEAarupyeT aHEepouJHas KOpoOKa.
[TosryyaeTcsi, 4TO BEICOTOMEP MOKAa3bIBAET BBICOTY HE (DAKTHUECKYIO, a TY, KOTOpas
ObUIa HECKOJIBKO CeKyHA Ha3zal. OH 3ama3iblBaeT B CBOUX ITOKa3aHMSX.
Pa3ymeercs, B mporecce Habopa BBICOTHI HNPUOOpP MOKA3bIBAET BBICOTY MEHBUIE
(bakTUYECKOM, a MPU CHIKEHUU — 0OJIbIIe (PAKTHUECKOH.

HanOosblryto OmacHOCTh 3Ta MOTPEIIHOCTh NPEICTABISET NPU CHUKCHHH.
Bo-nepBpIX, CHMWXEHUE OOBIYHO MPOM3BOAUTCA C OOJIbIIEH BEPTUKAIBHON
CKOPOCTBIO, YeM Ha0Op, U, CJIEI0BATEIbHO, BEIMYMHA MOIPEIIHOCTH Ooublie. Bo-
BTOPBIX, MPHU CHM)KEHHH BBICOTOMED 3a6bluident BBICOTY, YTO MEIIAET MUJIOTY
IPABWJIBHO OLEHUTh PACCTOSHUE 10 3€MJIH (IIPETSTCTBUS).

[TonpoOHBIX SKCIEPUMEHTANBHBIX JaHHBIX O 3aBUCUMOCTU BEJIMYHHBI
3ama3/ibIBaHUsl OT BEPTUKAJIBHOW CKOPOCTH U Jpyrux (akTOpoB B HAy4dHOM
auTeparype He umeercs. Ho U3BECTHO, 4TO Ul TEX BEPTUKAIBHBIX CKOPOCTEH, C
KOTOPBIMH B HOPMAJIBHBIX YCJIOBHSIX CHHKAIOTCS TPakKIaHCKUE BO3AYIIHBIE CY[a,
NOTPEUIHOCTD M3-3a 3aIla3/IbIBaHNsl HEBEJIMKA U COCTABIISIET MAKCUMYM HECKOJIBKO
necsITKoB MeTpoB. Ho, Hampumep, mnpu NUKUPOBAaHUM HCTPEOUTENS C
BEepTUKAIIbHOM cKkopocThio 250 M/c (900 km/4) morpemnocts gocturaer 1000 m.

3. Ilocpewsnocms u3-3a 10KaIbHO2O0 U3MeHeHus oOaenenus. B ToOpHOM
MECTHOCTH, €CIIM BO3AYUIHBI MOTOK (BETEp) IMepecekaeT TOpHBIA Xpeder
IPUMEPHO MEPIEHIUKYISIPHO K HEMY, TO 33 XpeOTOM 00pa3yercs BUXPb, B LIEHTPE
KOTOpOTo JaBiicHue (B COOTBETCTBHHM C 3aKOHOM bepHYJUIM) MEHBIIE, YeM B
OKPYKaIOUIEH BUXPh BO3AYIIHOMN CpeELE.

Eciu nunot BBIAEP)KMBAET MOCTOSHHYIO BBICOTY IO OapOMETpUUYECKOMY
BBICOTOMEPY U CaMOJIET MOMAJIET B 00J1aCTh MOHM>KEHHOTO JIaBJICHUS, CBA3aHHYIO C
BUXPEM, TO BBICOTOMEp IOKaXET YBEJIMYEHHE BBICOTHL. [IMIOT momymaer, 4To
caMmoJIeT Havyajl HAOMpaTh BBICOTY U MEPEBEJET €ro B CHIKEeHNE. PaKTUYECKH MpU
3TOM CaMOJIET CHU3HUTCS HWXKE 33JaHHOM BBICOTBI, UTO B TOPHOM MECTHOCTH MOKET
MIPUBECTH K KaTacTpode.

Ouenp npubnmxkeHHast GopMyIia JIJIsl OLIEHKH BETMYHUHBI 3TON MOTPEIIHOCTH
BBICOTOMEpA UMEET BUJL!

AH=0,1 u?,

rjae U - CKOpoCTh BeTpa, M/C.

W3 nanHo#t ¢opmMyinbl ciaeayeT, HampuMmep, 4To Ipu ckopocTu BeTpa 30 m/c
MOTPEIIHOCTh BBICOTOMEPA COCTABUT OKO0JIO 90 M.

B nonere nuiioTy TpyaHO onpeAenuTh BOSHUKHOBEHHUE TaKOW MOTPEIIHOCTH
U TeM Oojee ee BeIMYMHY. B CBSI3M C 3TUM NpU MOCTPOCHHU CXEM 3axoj]la Ha
NOCaJKy Ha TOPHBIX a’poApoMax Uil YCTAHOBIEHUS 3AO0AHHbIX BbICOM
UCIOJIB3YIOT MOBBIIICHHBIE 3a11aChl BEICOTHI HaJ MPEMSATCTBUSIMM.
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6.6. YpoBHM Hayasa oTcyeTa 6APOMETPUIECKOIl BHICOTHI

B npunnumne, myreM yCTaHOBKHM JaBJIEHUs Ha IIKajge OapoMETpUUYECKOro
BBICOTOMEpa MUJIOT MOXET caM BbIOpaTh ypOBEHb, OT KOTOPOIO OH >KeJlaeT
OTCUUTHIBaTh BhICOTY. HO ¢ Touku 3peHus 0€30MacHOCTH MOJETOB HEOOXOIUMO,
4TOOBI BBICOTHI BceX BC, BBIMONHSIONMX IMOJIETHl B ONMPEICICHHOM pailoHe WM
JINAMa30He BBICOT, OTCUUTHIBAIUCH OT OAHOTO M TOro ke ypoBHs. lloaTomy
ABUALIMOHHBIE HOPMATHMBHBIE JOKYMEHTBI CTPOr0 YCTAaHABJIMBAIOT, B KAKHX
CIIy4yasxX KakOM ypOBEHb Hayaja OTCUETA BBICOTHI CIEAYET UCIOJIb30BATh.

bapomeTrprueckuii BBICOTOMEP MOKAa3bIBAET BBICOTY OTHOCHUTENIBHO YPOBHS
TOM H300apUYECKOl TOBEPXHOCTH, JABJICHHE Ha KOTOPOM YCTAaHOBJIEHO Ha
BBICOTOMEpPE. B TIpakmaHCKOM  aBHaMU  BBICOTHI  OTCUMTBIBAIOTCS  OT
U300apUUECKIX MTOBEPXHOCTEH, COOTBETCTBYIOIINX CIEIYIOIIMM BHUJIaM JaBJICHUSI.

1. Cmanoapmmnoe oaenenue P= 760 mm pm.cm. (1013,2 2lla). D10 naBneHue
WCIOJIB3YETCsl B IIOJIETaX [0 MapUIpyTy Ha BBICOTAX BBIIIE TaK HA3bIBAEMOWU
BBICOTHI nepexona. CTaHIapTHOE JaBJIEHUE — ATO NOCTOSHHOE YHCIIO, YUCIECHHO
COOTBETCTBYIOILLIEE JaBJICHUIO Ha YpPOBHE MOpsS B CTaHJIApPTHOM aTMmocdepe.
Pazymeercs, B peasbHOIl arMmocdepe u3zobapuyeckass IOBEPXHOCTh C 3TUM
JIABJIICHHEM MOJKET PACHoJIaraThbCsl KakK BBIIIE, TAK U HHXKE YPOBHS MOpS. DTO HE
uMeeT 3HadeHus. Baxkno To, yto Bce BC, BbINoNHAONIIME NOJETH 10 IpHOOpaMm,
HE3aBHCHUMO OT TOr0, ¢ KakOro aj’poJpoMa OHU BBUIETENIH, OTCUHUTHIBAIOT CBOKO
BBICOTY OT YPOBHS OJIHOM M TOH XK€ M300apHYeCKOW MOBEPXHOCTH C JABJICHUEM
760 MM pT.cT. 151 KpaTKOCTH OOBIYHO FOBOPST «U3MEPSIOT BBICOTY IO JABICHUIO
760%.

Hekortopble U3 HCHONB3yeMBIX BUIOB JABJICHHUS HMMEIOT OOLIECHPHUHSTHIC
MEXAYHapOJHbIe O0O3HAUEHUsI B BUJAE TpeX IJATUHCKUX OYKB. CmanoapmHoe
oasnenue oobosnauaemca QNE. B HacTosiee BpeMst 3T0 0003HaUCHUE HE SIBIISIETCS
COKpAILIEHHEM KakKuX-TO CJIOB. OHO yCTaHOBMJIOCH C T€X BPEMEH, KOIZa CBA3b C
camoJieTaMu BeJlach a30ykoit Mop3se. B Te BpeMeHa juisi COKparieHus: paguocBsi3u
MHOTMM  aBHUAIIMOHHBIM  TEPMUHAM ObUIM  TPHUCBOCHBI  TPEXOYKBEHHBIC
TenerpadHbie KOIbI.

2. Jlagnenue aszpoopoma P,, (QFE). B Poccuiickoii ®denepanuu
ucrosb3yercst npu B3inere u nocagke BC. [laBneHue Ha KaxIoM a’poApoMe
3aBUCHUT OT MPEBBILICHHUS a’pPOJpPOMa HAJl YPOBHEM MOps, a TAKKE OT TEKYIIHUX
METe0yCIOBUHN (TIOro/bl), TO3TOMY OHO Ka)XIbld JI€Hb M KaXIbI 4Yac pasHoe.
[lepen BBIIETOM DKHMNAX Y3HAET NABIICHHE a’poJapoma BO BpeMs MPEANOJECTHOU
MOJATOTOBKH, a MIEPe 3aX0/I0M Ha MOCAAKY €ro COOOUIaeT IKUMAaXKy IUCIIETYEP MO
YIPaBJIECHUIO BO3IYLIHBIM ABUKEHHUEM.

Ho asponpom 3aHMMaeT onpeneneHHy0 TEpPUTOPHIO, B Mpeaeaax KOTOpOU
U3-3a pa3Iuuusg YpPOBHS penbeda B pPa3HbIX TOYKAX JaBICHHE HECKOJIBKO
paznuuaercs. B OonbIIMHCTBE cilydyaeB MOJ JAaBJICHHEM a’pojApoMa MOHUMAETCs
JIaBJICHHE HA YPOBHE IMOPOTa TOM B3jeTHO-MocanouHoi nonocsl (BIIIT), ¢ koTopoi
CaMOJIET B3JeTaeT wiu Ha KoTopyro camgutcs. Iloporom ke BIIII Ha3biBaeTcs
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HAYaJio TOM ee YacTH, KOTopas MOXeT ObITh Hcnoib3oBaHa 1t nmocanku BC. Kak
paBuiIo, TO Hayano uckyccrBeHHoro nokpeitus BIIII (GeTona).

byksa Q B o6o3nauenun QFE mpu HazHaueHWU TaHHOTO KoJja ObLIa B3siTa
U3 cioBa request (3ampammBathb), a OykBbl FE sx00bI mpousonuin ot cioB field
elevation (peBbIIIeHHE JICTHOTO TIOJIS).

3. Ilpuseoennoe munumanvroe oasnenue Py uy. ITO NABICHHE HE MMEET
TpeXOyKBEHHOTO O0O03HAaY€HUs, IMOCKOJIbKY B MEXIYHAapOJHON MpakTUKE He
ucnonesdyercs. B Poccuiickon ®denepanyu no NPUBENCHHOMY MHHHUMAJIBHOMY
JABJICHUIO BBINOJIHAIOTCS MOJIETHl IO TMpaBWjaM Bu3yalbHbIX mosieToB (IIBII)
HIDKE HUIKHETO SIIeNIoHa (TO €CTh Ha MaJbIX BBICOTaX) MPU MOJETE M0 MAPHIPYTy
WIM B pailoHe aBUAIMOHHBIX paboT. Kak mpaBuiio, Takue MOJIETHI BBIMOJIHSIET
JIETKOMOTOpHAs! aBHALIHSL.

CnoBO «IpUBEIEHHOE» 03HAYAET, YTO 3TO HE JABJICHHUE B KAKO-TO TOUKE Ha
penbede MECTHOCTH, a JaBJEHUE TMEpecUUTaHHOe (IPUBEIECHHOE) 1o
OapomeTrpuueckuM ¢GopmyiaaM K YpoBHIO Mops. Eciv B KakoW-mubO TOYKe
penbeda BBIKOMATh KOJIOACI JI0 YPOBHS MOPS M OIYCTUThH Ty/a 0apoMeTp, TO OH
MOKaXXET MPUBEJACHHOE JIaBJICHWE B JIAHHOW TOYKE MECTHOCTH. Takum oOpazom,
npusedeHHoe 0asleHue — Mo OaelleHue Ha YpOosHe Mops B JTaHHOM
reorpaguyeckoM nmyHkre. KoHedHO, OHO ompezesnsercss He SKCIEPUMEHTAIbHO (C
MOMOIIIBIO KOJIOAIA U 0apOMETpa), a pACYETHBIM ITyTEM.

[TpuOnmKeHHBI pacyeT NPUBEAECHHOTO [aBICHUS MOXHO CHAeNlaTh |
camocTtosTensHo. Eciin B kKakoi-mu00 TOuke Ha penbede MECTHOCTH C BBICOTOM

H,, n3BeCTHO naBienue P, To NpuBeIeHHOE 1aBJICHHE COCTABHUT:

H ..
P =P+ 11 (6.7)

[TockonbKy penbed MECTHOCTH OOBIYHO BBIIIE YPOBHSI MOpS, TO JIaBJICHUE
Ha ypOBHE MOpsI O0JIblIIe, YeM Ha BhICOTE pesbeda (puc. 6.13).

Pnpwus.

Puc. 6.13. IlpuBeneHne naBieHus

HNannast hopmyna sBasieTCsS MPUOIMIKEHHON U TaeT MPaBUIIBHBIA PE3yIbTaT
pu BeICOTE penbeda He 00Jiee HECKOJIBKUX COTeH MeTpoB. Benp uncio 11 B Hel —
BeNTMYMHA OapUYECKON CTYNEeHHW Ha YpPOBHE MOpS, a Ha caMOM Jielie Oapuieckas
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CTYNEHb YBEIHMYMBACTCI C BBICOTOW. Paszymeercs, MeTEOpOJIOTH NPUBOISAT
JIaBJIEHUE K YPOBHIO MOps MO 0ojiee TOYHBIM (PopMyjiaM, B TOM YHCJE C YYETOM
(akTHYeCKON TeMIepaTypbl BO31yXa.

B ka0l Touke Ha MOBEPXHOCTH 3€MJIM aTMOC(EPHOE AaBIECHUE PAITUYHO
Y 3aBHCUT B OCHOBHOM OT BBICOTHI pejibeda B JaHHOH Touke. YeM BbIcoTa OO0JIbIIIE,
TEM JaBJIeHUE MeHbIle. Eciiu B3STh 1aBJIe€HUE B pa3HbIX TOUKaX peiibeda u Kaxaoe
U3 HUX [IPUBECTH K YPOBHIO MOpS C YUETOM penbeda Kaxa0H TOUKH, TO OKaXKETCsI
am oHO ojauHakoBbiM? Her. OHO Oyner OJWHAKOBBIM, TOJIBKO €CIH BCE
n300apuUecKre MOBEPXHOCTH MapauieIbHbl YPOBHIO MOPS, KaK 3TO UMEET MECTO,
HaIpuUMep, B CTaHAapTHOM aTMocdepe. B peanpHoil ke atMochepe nzobapuyeckue
MOBEPXHOCTH HWMEIOT cnabbiii u3ru6. B paiioHax ¢ HHU3KUM aTMOchEepHBIM
JaBJICHUEM OHU OIyCKAIOTCA, a B paloHaxX C BBICOKUM JaBJICHUEM —
nonuuMatorcs. [loatomy, mpuBeneHHBIE NaBICHUS B Pa3HBIX TOYKaX Ha ypOBHE
MOps1 OKaXKyTCsl pa3HbIMHU.

JUis BBINOJIHEHUS MOJIeTa 0 MaplIpyTy WK B pailoHe aBHAllMOHHBIX paboT
HW)KE HIDKHETO SIIEJIOHA MHJIOTHl YCTaHABIUBAIOT HAUMEHbUee U3 NPUBEOCHHbIX
dagnenuti MO Mapuipyty (Wid paloHy), TO €cTb camoe MajieHbkoe. OHO U
HA3bIBACTCS MUHUMALLHBIM NPUBEOCHHBIM 0ABIEHUEM.

Ha puc. 6.14 mnokazaHO HECKOJBKO M30THYTHIX HM300apHUUECKHUX
NOBEPXHOCTEH, MEpeceKaroMX YPOBEHb MOps B pa3HbIX TOYKax Mapuipyta. B
ITHX TOYKaX IEPECCUCHUs NMPUBEACHHOE NABJICHHE PABHO HABJICHUIO HA JTHUX
M300apuvecKiX MOBEpXHOCTAX. Ha JaHHOM prCyHKE MUHHMAJIbHOE MPUBEACHHOE
JlaBjieHuE cocTaBigeT 750 MM pT.CT.

D
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Puc. 6.14. N3obapuieckue NOBEPXHOCTH U MUHUMAJIBHOE MTPUBEJICHHOE JIaBJICHNE

4. Jlasnenue aspoopoma (unu nyHKma), npusedeHHoe K YPOSHIO MOpPs NO
cmanoapmuou  ammocghepe  (QNH).  Dro  nmaBiaeHMEe  HCIONB3YeTCsS B
MEXIYHAPOJHOW a’pOHAaBUTAIlMU TIpU B3JieTe W mocaake BMmecto QFE u mpu
TI0JIETE HA MAJIbIX BBICOTaX (HMKE BBICOTHI IEPEX01A) BMECTO P06 1

['oBopsrt, uto OykBel NH B 0003HaYeHHH JaBJICHHS IPOU3OIILIK OT cJIoB Nil
height (ayneBas BbicoTa), HO 3TO JIUIIIB OJHA U3 THIIOTE3.

Ornpenesnenne 3TOro JaBJICHUs CIEAYIOIIee.
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QNH — 9mo OasleHue, KOMopoe HeoOXO00UMO YCMAHOBUMb HA
HAxXo0awemcsi Ha a’poopome Gblcomomepe, 4modvl OH NOKA3bIBANl NPeGbluleHUe
(abconomuyro 8vicomy) asapoopoma.

Paccmorpum 310 ompenenenue mnoapoOHee. M3BECTHO, YTO BBICOTOMEP
MOKA3bIBACT BBICOTY HaJ YPOBHEM TOH H300apHueCKON MOBEPXHOCTH, /aBIICHHUE
KOTOpPOii HAa HEM YyCTaHOBJCHO. IlOCKONBKY, B COOTBETCTBUU C INPHUBEIACHHBIM
OTIpe/IeTICHUEM, BBICOTOMEP JIOJDKEH MOKA3bIBAaTh BBICOTY a3poJipoMa HaJl ypOBHEM
Mopsi  (aOCOIOTHYIO BBICOTY), TO OTCIOAA, Kas3ajioch OBbI, CJleAyeT, 4YTO Ha
BBICOTOMEpE JOJDKHO OBITh YCTAHOBJICHO JaBIIEHHE HA YPOBHE MOpS, TO €CTh
npuBeAeHHOE naBiieHne aspoapoma (puc. 6.15). [omywaercs, uto QNH 5310 n
€CTh IPUBEACHHOE JaBJeHUE?

an.=Ha3p.

% QFE (Paap.)
N NN
L QNH
MSL A p

Puc. 6.15. TIlpuBenennoe naBnenue aspoapoma 1 QNH

Ha camowm nene Bce o0ctout He coBceM Tak. [IycTh camolieT ¢ BRLICOTOMEPOM
CTOMT Ha a’pojapome. [Ipenmonsoxum, 4TO MBI KaKUM-THOO 00pa3oMm y3HaIu
npusedenHoe oasienue a3poopoma (JaBIECHUE MO a3POJAPOMOM Ha YPOBHE MOPS)
¥ YCTAaHOBWJIM €ro Ha BbicoTOMepe. Eciu Obl atMocdepa Oblia cTaHIApTHOM, TO
BBICOTOMEP, KOHEYHO, TTOKa3ajl Obl MPaBUIIbHYIO a0COIIOTHYIO BBICOTY a’pojipoma
HaJl ypoBHeM Mops. Ho B ycnmoBusix necmanoapmuoti ammocgepsl y BBICOTOMEpA
UMEETCS Memoouueckas memnepamypHas noepeuwnocms. EcCIH TpeBBIICHUE
aspoapoma, Hampumep, H,,,=1000 M, To 3MMOH, KOraa BBICOTOMED 3aBBIIIACT
BBICOTY OOJbllle, OH MOKaxeT, MoxeT ObiTh, 1090 M. CrnenoBarenbHO,
YCTaHOBJIIEHHOE Ha IKane Py, He aBagerca QNH, mockoibky HE COOTBETCTBYET
€ro OMnpeAeICHUIO.

Ho w3BecTHO, 4YTO mpu BpalIeHUU KpeMalbepbl YCTAHOBKH JIaBJICHUS,
MU3MEHSETCS HE TOJIbKO JaBJIEHHWE Ha IIIKaje, HO U BBICOTA, KOTOPYIO MOKa3bIBAIOT
CTpesiku BeicoTOMepa. CreoBaTeNbHO, Bpalllas KpeMallbepy, MOKHO YCTaHOBUTh
CTPEJIKH Ha «IIPABHIIbHYIO» BBICOTY H,,,=1000 M. To naBnenue, KoTOpoe pu 3ToM
OoKakeTcs Ha mmkaie napneHuid u sBiasercs QNH. M3ob6apuueckas moBepXHOCTh
ATOTO JABJCHUS OTCTOMT OT YPOBHS MOpPS Ha TaKO€ PACCTOSHUE, Ha KOTOPOE
MPUIILIOCH CMECTHTh CTPEJIKU BBICOTOMEPA, TO €CTh Ha BEJIMYMHY TEMIIEPATypPHOU
norpemHocty. B npuBeaeHHoM npumepe Ha 90 m.
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Takum ob6pazom, QNH — 3TO Takoe yCTaHOBIIEHHOE MdaBIIEHUE, MPH
KOTOPOM HaXOJSIIMNICS Ha a’poJIpOME BBICOTOMEP IOKA3bIBAET a0COJIIOTHYIO
BBICOTY 0€3 TeMnepaTypHOW MOTPEIIHOCTH, TO €CTh MPaBUWIbHO. Buanmo, B cBs3H
C 3TUM CpeIu MWIOTOB PACIPOCTPAaHEHO MHeHue, uto npu ycraHoBke QNH
BBICOTOMEpP IOKA3bIBAET a0COJIIOTHYIO BBICOTY, TO €CTh BBICOTY HaJl YPOBHEM
MODS.

JUIss  TpakTUYECKOro TMPUMEHEHHsS Takoe [MPEACTABICHHE  BIIOJHE
JIOTyCTUMO, HO HYXHO 3HaTh, YTO OHO HE SBIISETCS BIOJHE TOYHBIM. OHO
COBEPILIEHHO BEPHO TONBKO B craHiapTHoi atmocdepe (torma QNH u P,
COBNAJAIOT), @ B peaibHON aTMocdepe OHO MPaBUIBLHO TOJBKO Torda, korma BC
HaxoAWTCa Ha a’poapome. Korma camoneT B3JETHUT, BCE PaBHO BO3HUKHET
TEeMIEepaTypHas MOTPEIIHOCTb, 3aBUCSIAsl OT BHICOTHI CAMOJIETa HAJ a3POIPOMOM.

TeM He MeHee, B MEKIyHAPOJHOU ITPAKTUKE BBICOTY IIOJIETA I10 JABJICHUIO
QONH npunsato Ha3eiBaTh cioBom altitude, To ectb Tem e cilOBOM, YTO U
aOCOJIIOTHYIO BBICOTY.

Ha pycckom s3pike QNH ~ MokHO Ha3Bath oOasieHuem aspoopoma,
NPUBEOEHHBIM K YPOBHIO MOPSi NO CMAHOapmHou ammocgepe. JIeNCTBUTEIBHO,
€clii MO TOYHBIM OapoMeTpHuecKuM (¢opMysiaM [EepecuUuTarh JlaBJICHHUE
a’po/ipoMa K YPOBHIO MOPSI C YUYETOM pealbHbIX METEO0YCIOBHH ((haKTHUUECKOTO
pacnpeneneHus TeMIepaTypbl), TO MOAyYyuM (PaKTUYECKOE JIaBJICHHUE Ha YPOBHE
MOpsA P,y ECIIM 7K€ BBINOIHUTH MEPECUET B NPEANOI0KEHHH, YTO TEMIIEpaTypa
U3MEHSETCS C BBICOTON KaK B CTaHIApTHOM atMocdepe, To momryunm QNH.

Pasznocmo mencoy QNH  u oasnenuem na aspoopome QFE  saensemcs
NOCMOSIHHOU 0151 Kaxc0o2o a3podpoma. OHA HE 3aBUCUT HU OT (PAKTHUUECKOU
TEMIEPATypbl, HH OT CaMOTO JaBIICHUS U YUCIEHHO PABHA NPEBbIUEHUIO
aspoopoma H,,, evipasicennomy 6 eOuHuyax OaeleHus 6 COOMEEnmCmeUul Cco
cmanoapmuou  ammocghepoti. Ita  pasHOCTh nybmukyercs B COOpHHKAx
a’pOHABUTAITMOHHOW MH(pOPMAIIMKM Ha KapTe 3axoja Ha MOCAAKy W MCIOJIb3yeTCs
st iepexona oT QFE xk QNH u o6patno. IlpuBenem dhparmMeHT KapThl 3aX0/1a HA
nocaaky (puc. 6.16), rae B yeBoii yacth ykazano RwyElev 11 hPa, to ecrs,
npesbienre nopora BIIIT (runway elevation) 11 rlla. Dto o3HauaeT, yTO Ha
abcomoTHOM BbicoTe mopora 302 ¢t (cm. puc. 6.16) B cTanmapTHOI aTMochepe
nasnenue Ha 11 rlla mensie, uem 1013 rlla.

Paccmotpum mpumep. IlycTs mpeBbllieHne a’spoapomMa HajJ YpOBHEM MOPS
cocraBisier 350 M. B cranmaptHoil atMocdepe 3TOil BBICOTE COOTBETCTBYET
nasinenue 972 rlla, a ypoBHio mops, pazymeercsa, 1013 rlla. PaznocTth 3THX
JaBJICHUN, TO €CTh BBICOTA a’pPOJAPOMa, BBIPAKCHHAs B EIUHUIAX JAaBJICHUA,
cocraBisier 41 rlla. KakoBel Obl HM ObuUTM (akTuueckoe nasinenne QFE wu
temmneparypa Ha aspoapome, QNH Oynet Gonbiie, yem QFE Ha 41 rlla. U eciu

JUCTIETYEep COOOIIIII IKUTIaXy, 4To, Hampumep, QFE=955 rlla, To skxumax jerko
onpenenut QNH= 955+41=996 rIl]la.
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EDDK /CGN ~w—asrorior HJEPPESEN COLOGNE-BONN, GERMANY

COLOGNE-BONN 5 NOV 04 (Gps) NDB DME Rwy 32R
ATIS ICOLOGNE-BONN Director (APP)| COLOGNE-BONN Tower (R) Ground
«1 112.15 119.02 121.05 124.97 121.72
=] Letr Final Minimum Alt MDA(H) ARt Elavn 302"
7 LV Apch Crs D9.1 KBO Refer to
2 327 318° 3000’ (2698°) | Minimums rwy 302’
§ missep APcH: Climb STRAIGHT AHEAD to 1500, then turn RIGHT
to COL VOR climbing to 5000°.
Alt Set: hPa (INonreq) Rwy Elev: 11 hPa  Trans level: By ATC  Trans alt: 5000°| MSA KBO VOR

Puc. 6.16. IIpeBsiiieHre a3poapoma, BEIPa)KEHHOE B €AMHUIIAX JaBJICHUS

(Rwy Elev)
6.7. BepTukanbHoe 3111eJIOHUPOBaAHHNE

Ilonamue IULESIOHUPOBAHUA. Dwenonuposanuem Ha3v186aemcs
paccpeoomouenue BC 6 npocmpancmee Ha 0Oe3onacHvie uHmMepsanvl OJis
npedomepaujernusi cmoaxHosenuti BC opye ¢ opyzom.

YuclieHHblE 3HAYEHUS H3THX MHTEPBAJIOB, KOTOPBHIE TAaKKE HA3bIBAIOT
Hopmamu — 2wenonuposeanuss  (Separation  minimums),  ycTaHaBIWUBAaIOTCS
HOPMAaTHUBHBIMHU aBUAIMOHHBIMU JOKyMeHTaMu. Cutyanus B TIOJeTe, KOorna
paccrosiHue Mexay nByMs BC oka3zanoch MEHbIIE YCTAaHOBJIEHHOIO WHTEpBasa
AIIEIOHUPOBAHMSI, HA3BIBAETCS ONACHbIM CONUNCCHUEM.

[IpocTpaHCTBO SBIIETCA TPEXMEPHBIM, TO €CTh HMMEET TPU H3MEPEHHS.
COOTBETCTBEHHO CYILIECTBYIOT mMpuU 6uU0d JSUleOHUPOBAHUA: GEPMUKANIbHOE,
O0okogoe u npodonbHoe. [N KaXAOro W3 HUX YCTAHOBJIEHBl WHTEPBAJIBI
AIIEIOHUPOBAHMS, ONPEIEISAIOIME JOMYCTUMOE paccTtosiHue Mexay BC mo tpem
HaIpaBJeHUsIM (BBIILIE-HUXKE, CIIpaBa-cjieBa, BIEpenu-c3aau). B maHHoW riaBe
paccMaTpuBaeTcs TOJIbKO BEPTUKAIBLHOE SIIEIOHUPOBAHHE.

WNHTepBanbsl (HOPMBI)  8epmMUKAIbHO20 SUENOHUPOBAHUS TIPEICTABISIOT
co00Oll MUHUMAJbHBIE PACCTOSIHUSL 1O BEPTUKAIM  MEXKIY  3d0AHHbIMU
TpaekTopusamu mnojera. Hanpumep, ecnm ognomy n3 BC gucneruep yCTaHOBHII
3aaHHyI0 BeICOTY noJieta 1200 M, a uHTEepBan 31IeI0OHUpOBaHus ycTaHoBiaeH 300
M, To apyromy BC, BBINOJHSIOIIEMY MOJIET MO 3TOMY MAapLIPYTy, AHUCIETYEp
MOET 3a/aTh BBICOTY J100 He O6osee 900 M, mu6o He MeHee 1500 m.

Pasymeercsi, B mojeTre H3-3a HETOYHOIO HU3MEPEHUS U BbLICPKUBAHUS
BBICOTBI Pa3HOCTh BbICOT JByX BC MoxeT okazarbcsi ¥ OoJbllie, U MEHbIIE
MHTEpBaJia 31IeJIOHUpoBanns. Ho caMo 3HaueHHe 3TOro MHTEpBaia U HA3HAYEHO C
Y4€TOM TOro, 4yTOOBbl Aake MpHU CiAydallHbIX OTKJIOHeHHsX BC He CTOJIKHYIHCH
Ipyr ¢ apyrom (ecium 6osiee TOYHO — YTOOBI PUCK CTOJIKHOBEHHUSI HE TPEBBICHII
JIOITyCTUMOT'O 3HAYEHUS).
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Bo3nyiinbie cyaa, BBINOJHAIONIME MOJIETHl MO JaBiieHuto 760 MM pT.CT.,
UMEIOT TPaBO BBIMOJHITh TOPU3OHTAIBHBIN MOJET HE Ha JIOOBIX BBICOTAX, a
TOJIbKO Ha HEKOTOPBIX UX (DMKCHUPOBAHHBIX 3HAYEHUSX, HA3BIBAEMbIX IULETOHAMU
noiema. DUICNIOHBI — 3TO KakK Obl CTYNEHbKH, HA KOTOPBIX MOKHO BBINOJHATH
TOPU30HTANBHBIN MojeT. Kak 4emoBeKk HE MOMKET CTOSIThb MEXKIY JBYX CTYIICHEK,
tak ¥ BC He nMmeeT mpaBo JIETETh HA BBICOTAX, HE COBIMAJAIOIIMX C AIICITOHAMHU.
Ho uenoBek MOXKET MOAHUMATHCS WIM citycKaTbes 1o jgectHuue. M1 BC moxer B
HaOope BHICOTHI WM B CHIDKCHHUH ITEPECEKATh BCE BHICOTHI.

Bce awenonw asnsaiomes bapomempuieckumy 8biCOMAMU, USMEPEHHbIMU NO
oaenenuto 760 mm pm.cm (1013.2 2lla).

Cmapasa cucmema @epmuKkaibH020 3uieronuposanus 6 Poccuiickoi
@Deoepayuu. Jlo 2011 r. B Poccum pelcTBoBalia clieayromias cucTema
smiesioHupoBanusi. HaumenbmmMm Bo3mMosxkHbIM ObLT 31enioH 900 M. [Tocnenyromue
AUIEJIOHBI M C IIarOM, PABHBIM YCTaHOBJIICHHOMY MHTEPBAIIY SUICIOHUPOBAHUSI.
Ho »ToT nHTEpBaN ABISIICA PAa3IMYHBIM B Pa3HbIX IMANAa30HAX BBICOT.

Ha BricoTax aHmke 8100 M oH cocrtasist 300 M, ot 8100 1012100 — 500 M, a
BoIimie 12100 — 1000 m.

Onnako He J1000# M3 YCTaHOBJIEHHBIX JIIEJIOHOB MOKHO HCIIOJIB30BATh JIJIs
nosieta B Jo0Oom HampaBieHuu. B Poccuiickoit ®enepanuu U MOHBIHE
YCTAHOBIICHA NOJYKPY208ds CUCMEMAd dUleIOHUPOBAHUSL, U UCIOJB3YIOTCS
pa3JIMYHbIE 31IEJIOHBI B 3aBUCUMOCTHU OT TOT'O, BBITTOIHSAETCS MOJIET HA BOCTOK WIIH
Ha 3anaj. HampaBiieHue noJieta onpeaesercs no HanpaBieHUIO JIMHUHU 3a1aHHOTO
MyTH, @ UMEHHO — B 3aBUCUMOCTHU OT 3A0AHHO20 UCMUHHO20 NYmMe8o2o yaaa (puc.
6.17).

IIpn monerax ¢ 3UILY ot 0° mo 179° BKIIOUHUTENBHO HCIOIB30BATIUCH
CJICAYIOIIHE JIIIEJIOHBI (BBICOTHI YKa3aHbI B METPAX) B CTApOM CUCTEME:

900, 1500, 2100, 2700, 3300, 3900, 4500, 5100, 5700, 6300, 6900, 7500,
8100, 9100, 10100, 11100, 12100, 14100...

Ecnu B mepednciieHHbIX 3HAYEHUSIX OTOPOCHUTH JBa HYJISA, TO MOJyYCHHBIC
yuciaa OKaXyTCs HeYeTHbIMH. [lo3TOMy »SIIenoHsl i MoJieTa Ha BOCTOK
Ha3bIBalOT HeueTHhIMU (0dd).

[Tpu nmonerax ¢ 3UILY ot 180° go 359° BKIIOUMTEIBHO HCIOIB30BAJIUCH
CJIEAYIOIINE IIIEIIOHBI:

1200, 1800, 2400, 3000, 3600, 4200, 4800, 5400, 6000, 6600, 7200, 7800,
8600, 9600, 10600, 11600, 13100, 15100...

B »>Tux 3HaueHusx, €ciii OTOPOCUTH JIBa HYJISA, MOJYUYCHHBIC YKCIIAa YETHBIC
(32 MCKJIIOUEHHEM DSIIETOHOB, KoTophie Bbimie 12000), modTOMYy HMX Ha3bIBAIOT
yeTHbIMHU (EVeN).

Takum 00pa3oMm, SIEIOHBI YEPEAYIOTCS: HEUETHBIN, YETHBIN, HEUETHBIH. . .

A MeXIy CMEXHBIMU HONYMHbIMU DIICIIOHAMU WHTEPBaAT ObUT YIBOCHHBIM:
caayaia 600 M, 3aTem 1000, 3atem 2000 M.

Kaxnaplii nuioT JOJKEH 3HATh MEPEYEHb AIIEJIOHOB M XOPOIIO MOHMMATh
HaIpaBJICHUs] TOJIETOB Ha sueioHax. Kak kaccup B Mara3uHe XOpOUIIO 3HAET,
KaKue KyMIOpbl HAXOJSTCSA B OOPAIIEHUHA U HE MPUMET OT MOKYIATENsT «KYIIOPY»
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noctonHcTBOM B 300 py0, Tak ¥ MUJIOT HUKOT/AA HE 3alMET «JIIEIIOH», KOTOPBIN
HE CyllecTByeT, Hanpumep, 6500 m.

359° 0°

—14100m
—>12100m
—>11100m
—10100Mm
— 9100Mm
—> 8100m
— 7500m
—> 6900m
— 6300Mm
—> 5700m
—> 5100m
—> 4500m
—> 3900m
—> 3300m
—> 2700m
— 2100m
— 1500m
—> 900m

180° 179

Puc. 6.17. Cuctema BepTHKaIBHOTO 311eoHUpoBanus P® (10 17.11.2011)

Cucmema eepmuxanvrozo 3uienonuposanus HKAQO. MexayHapoaHas
opranuzanus rpaxnanckod aBuanmu  (MKAO) B HacTosimiee  Bpems
MpeaycMaTpUBaeT JABE HECKOIBKO Pa3IMUHBIX CHCTEMBI JMIeoHupoBaHus. OqHa
W3 HUX, TPATUIIMOHHAS, HA MPOTHKCHUM MHOTHX JIET HCIOJB3YeTCS B Pa3sHBIX
cTpaHax. Bropas, cpaBHUTEIHPHO HOBasI, HCTIOJIB3YET YMEHBIIICHHBIC COKPAIICHHBIC
MHTEpBaNBI  smenoHupoBanuda. C 1994 1. oHa TIOCTENEHHO HA4YMHAET
UCITOJIB30BATHCS BO BCE OOJIBIIIEM KOJIMYECTBE PETMOHOB MUPA.

Ha anrnuiickom si3bike smesnon — Flight Level, cokpamenno FL. Breicora 3a
pyOexxom m3Mmepsiercsi B pyrax. Kaxaplii 3111€I0H UMEET CBOM HOMEp, paBHBIN
BBICOTE DIIIEJIOHA, BBIpAXEHHOM B coTHsAX ¢ytoB. Hampumep, FL 250
cootBeTcTBYeT BBIicoTe 25000 dyTOB (310 MprmMepHo 7600 ™).

Cucrema »smenonupoBanuss MKAQO Takxke sBAsieTCS MOJIYKPYTOBOM, HO
HaIpaBJeHUe MojieTa (BOCTOK WJIM 3araj) OINpEAeNseTcs HE WCTUHHBIM, Kak B
Poccuu, a 3a0annvim maznumnslyv TyTEBBIM YTIIOM.

[Tpu 3MITY ot 0° mo 179° smenonsr HeyetHbie (0dd), a mpu 3MITY ot 180°
1o 359° — getHsie (even).

B mpaouyuonnou cucmeme swenonuposanus (CVSM, Conventional Vertical
Separation Minimums) wuHTepBan suienoHupoBaHus coctaBisier 1000 dyToB
(mpumepno 300 m) po smenona FL 290 (coorBetrcTByeT BhicOoTe 8850 M), a Ha
Oonee BbICOKMX duienoHax wuHTepBasn 2000 @1 (mpumepno 600 ™).
COOTBETCTBEHHO, nONYymMHble SIIEIOHBI CIeAyoT cHadana dyepe3 2000 ¢, a 3aTem
yepes 4000 ¢r.

Heuernsle smenons (Ha BocTok): FL 10, 30, 50, 70,...250, 270, 290, 330,
370, 410...



222

Yernslie smenons! (Ha 3aman): FL 20, 40, 60,...260, 280, 310, 350, 390...

He cnenyer cumrath, 4YTO Be3de 3a pyOeKOM JAEHCTBYeT cHcTeMa
smenonupoBanuss HMKAO. Bo MHOrmx cTpaHax HaIlMOHAJIbHBIE CHCTEMBI
IIICTIOHUPOBAHUS CYIIECTBEHHO OT HEE OTINYAIOTCSI.

B nosoti cucmeme coxpawennvix unmepsanos swenonuposanus (RVSM,
Reduced Vertical Separation Minimums) wuntepBan B 1000 ¢T coxpaHsieTcst 10
smenona FL 410, u ToabKO BBHIIIIE CTAHOBHUTCS, KaK U B TPAIUIIMOHHON CHCTEME,
paBubiM 2000 ¢T.

Heuetnbie amenonsl (Ha Boctok): FL 10, 30, 50,
490...

Yetnele smrenonsl (Ha 3aman): FL 20, 40, 60,
510...

JIJisi  BBITOJTHEHHWSI TIOJIETOB B TEX paloHaX, B KOTOPHIX YCTAHOBJICHBI
COKpAIl[CHHBIE HOPMBI BEPTUKAILHOTO SIICTIOHUPOBAHMS, JOMYCKAIOTCS TOIBKO TeE
BC, koropble TOATBEPIUIM COOTBETCTBHE YCTAHOBJIEHHBIM TpeOOBaHUSAM,
KACaroIIMMCS TOYHOCTH HW3MEPEHMS] M BBIJICP)KUBAHUS BBICOTHI, HAJECKHOCTH
CUCTEMBI U T.II.

Hoesaa cucmema eepmukanvnozo 3uwenonuposanus 6 Poccuu. C 17
HOs10ps 2011 r. cokparieHHbIe HHTEPBAJIbI AIICTIOHUPOBAHMS BBEJACHBI M HaJ BCEl
Teppuropueii  Poccun, CUCTEMa  DIIEJTOHUPOBAHUA  MPUOIM3UIACH K
MEXIyHapOoaHOW. BBIcOTa MO-TIpe)KHEMY H3MEpsieTCs B MeTpaxX, HO 3HAYeHUS
AIIEJIOHOB TENEPb KPYTJIbIE», €CIIM UX BbIPa3uTh B (hyTax (puc. 6.18).

...370, 390, 410, 450,

..360, 380, 400, 430, 470,

359° 0°

359° 0°

M (cpyT)

15550 (51000)«—
14350 (47000)«—]
13100 (43000)«—
12200 (40000)+—]
11600 (38000)«—|
11950 (36000)«—]
10350 (34000)«—
9750 (32000)«—]
9150 (30000)«—]
8550 (28000)«
7900 (26000)«—]
7300 (24000)«—]
6700 (22000)«—]
6100 (20000)«—]
5500 (18000)«—]
4900 (16000)«—
4250 (14000)«—
3650 (12000)«—]
3050 (10000)«—]
2450 (8000)«—]
1850 (6000)«—|

14950 (49000)
—>13700 (45000)
12500 (41000)
11900 (39000)
11300 (37000)
—>10650 (35000)
10050 (33000)
—>9450 (31000)
8850 (29000)
—>8250 (27000)
—>7600 (25000)
—>7000 (23000)
6400 (21000)
5800 (19000)
——+5200 (17000)
4550 (15000)
—>3950 (13000)
>3350 (11000)
2750 (9000)
—>2150 (7000)
1500 (5000)

8700 (28500)«—
8100 (26500)«—]
7450 (24500)«
6850 (22500)«—
6250 (20500)«—
5650 (18500)« ]
5050 (16500)« |
4400 (14500)«—]
3800 (12500)«]
3200 (10500)«—]

2600 (8500)«|

2000 (6500)«—]

—>8400 (27500)
—» 7750 (25500)
—»7150 (23500)

6550 (21500)
5950 (19500)
5350 (17500)
4700 (15500)
4100 (13500)
3500 (11500)
—>2900 (9500)
2300 (7500)
1700 (5500)

Puc. 6.18. [lelicTByromas cucteMa BEpTUKAIbHOTO SIIETOHUPOBAHUS

Poccuiickon ®enepanuu
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B HOBOI1 crucTeMe 1IeTOHNPOBAHMS TSI TIOJIETOB TI0 TIPABUIJIAM TOJIETOB TI0
npubopam (II1I1) 3HaueHus S1IETOHOB KpaTHBI Thicsue (GyTOB (OKaHYMBAIOTCS Ha
TPH HOJIS), a JUIA TIOJIETOB MO TpaBuiaM BuzyaibHBIX mosieToB (I1BII) smemons
pacroaratloTcs MeX1y HUMH U UX 3Ha4YeHUs1 okaHymBaroTcs Ha 500.

OTinyneM OT MEXIYHAPOJHON CHUCTEMBI SIBISIETCS TO, YTO pa3/eiicHHE Ha
«YETHBIC» W «HEUETHBIC» OIICIOHBI  TO-TIPEKHEMY 3aBUCHT OT UCHUHHO2O
yTEBOTO yTIJIa.

6.8. HpaBn.}Ia YCTAaHOBKH JaBJCHUSI HA IIIKAJIE 6ap0MeTpnquK0r0
BbBICOTOMEPA

[TockosibKy MOJIETBI Ha pa3HBIX BBICOTaX M HA pa3HBIX dTamax IMoJeTa
BBITIOTHSIIOTCSL 110 PAa3UYHBIM JaBJICHUSM, YCTAHOBJIEHBI CTPOTHE IIpaBUIIA,
OTpPENENSIONIME KOTJa, B KAKOM TMOPSAKE M Kakoe JaBJIEHUE HE00X0IuMO
yCTaHaBJIMBaTh Ha BBICOTOMEpE. JTO HeoOXoAaumo s Toro, 4ytoObl Bce BC B
OTIPEJICTICHHOM 00BbEeME BO3JYIIHOTO MPOCTPAHCTBA OTCUUTHIBATIU BBICOTY OT
OJTHOTO YPOBHH.

PaccMmoTpum nopsiiok yCTaHOBKY JaBieHust npu noaeme no 1111

TpaaumoHHas TEXHOJIOTHUSA, IPUHATAS B HAIIEH CTpaHe, MPeayCMaTpUBAET,
YTO II€pE] BBUIETOM BCE WYJIEHBI SKHUIAXa HA CBOMX BBICOTOMEpAX OJKHBI
YCTAHOBUTH CTPEJIKM Ha HYJIEBOE 3HA4YeHUE BBICOTHI. [Ipu 3TOM Ha mIKane
JaBlIeHUI JOJDKHO OKas3aTbesl JaBieHue aspoapoma P,,, (QFE). 3nauenue
(aKTUYECKOT0 JaBJICHHSI Ha a’pOJPOME HM3BECTHO SKHUMAXY W3 MPEANOJECTHOU
MeTeopoiorudeckoil napopmanu. Eciu qaBieHue Ha BBICOTOMEPE OTINYAETCS OT
(aKTUYECKOro Ha BEIUYHMHY OOJie€ YCTaHOBJIEHHOW, TO BBUIET 3alpeliaeTcs, U
SKMMaX oOOsi3aH BbI3BATh TEXHUYECKUM COCTAB JJIsI 3aMEHBI BBICOTOMEpA.
JonycTuMoe pacxOoXIEHHWE 3aBUCHT OT THUIIA BBICOTOMEpAa U TEMIIEpaTypbl
HapY>KHOTO Bo3yxa. O0bIYHO OHO cocTaBiser 1-1,5 MM pr.cT.

B MexnyHapoaHOM MpaKkTUKE, a TAKKE B HOBBIX HOPMATHBHBIX JOKYMEHTAX
Hallleld CTpaHbl, MPUHATA TPOTUBOIOJIOXKHAS TEXHOJOIUS: YCTaHABIMBAECTCS
JaBJICHUE, a TPOBEPAIOTCS TMOKa3aHUs CTpesioK. Pasymeercs, 00e TEXHOJIOTWUHU
SKBUBAJICHTHBI.

CrnemyeTr 3aMeTUTh, YTO €CIIH B3JIET BBINOJHsAETCS o jaBieHnio QNH, to
DKHUMAX YCTAHABJIMBAET ATO JIABJICHUE U MPOBEPSIET, MOKA3bIBAIOT JIU CTPEIKU
aOCOJIIOTHYIO BBICOTY a3poJipoma.

Ecou mepen B3meToM Ha BBICOTOMEPE YCTaHOBICHO P, TO BeICOTOMED
ITOKA3bIBAET OTHOCUTEIIBHYIO BBICOTY HaJl ypoBHEM aspoapoma. Ilocne orpriBa BC
ot BIIII aTa BeIcOTa pacTeT, ¥ KOT/1a OHA JJOCTUTAET 8bICOMbL hepexodd, BCE YJICHBI
AKHIMAXkKa Ha CBOMX BBICOTOMEpAaX JOJKHBI YCTAaHOBUTH CTaHAAPTHOE JlaBjieHue 760
MM pT.cT. PyKkoBOACTBO 1O JeTHOW O3KcIulyaTauumu JaHHoro tuma BC u
PykoBOACTBO 1O TPOM3BOJACTBY IIOJETOB JKCIUTyaTaHTa (aBUAKOMITAHHUH)
ONPENIENAIOT MOPSAOK BBINOIHEHUS MPOLEAYPhl YCTAHOBKU JIaBJICHUS: B KaKOM
MOCJIEA0OBATEIbHOCTH WIEHBbI 3KHUIIAXKa JOJDKHBI 3TO JAeiaTh W 4YTO MPU STOM
JOoKJaapIBaTh komanaupy BC.
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Bvicoma nepexooa H,e,—~ 3T0 yCTaHOBJIEHHAs BBICOTA JUIA IIEPEBOAA IIKAJIbI
JaBJieHus: 0apOMETPUUYECKOTO BHICOTOMEPA HA CTAHJIAPTHOE JaBJICHHE MIPU Habope
BBICOTBI.

BricoTa mepexoia ycTaHOBJIEHa Ha KaXJAOM a’dpoJIpoMe M MyOJIMKyeTCs B
JIOKyMEHTaX a’pOoHaBUTalIMOHHON MHGopmManuu. OHA OTCUUTHIBAETCS OT YPOBHS
a’poApoMa, TO €CTh SBIIAECTCS OTHOCUTEIIBHON BHICOTOM.

Ecmu B3ner Bemonasiercs mo QNH, To Bbicota mepexoma (transition
altitude) sBisercst abcomoOTHON BBICOTON. B HEKOTOPBIX CTpaHaX YCTaHOBJICHA
elMHas BhICOTa MEpexoa sl BCEro BO3AYLIHOTO INPOCTpaHCTBa cTpaHbl. Huxe
Hee BITOIHSIOTCS moseThl mo QNH, a Beime — mo QNE.

[Tocne ycTaHOBKM CTaHIAPTHOTO JABJICHUS AalbHEHUIINNA HAOOp BBICOTHI,
TOPU30HTAJIBHBIN MOJET U CHU)KEHHUE BBIMOJIHSAIOTCS MO CTAHAAPTHOMY JAaBJICHHIO
760 mm pt.ct (1013 rlla). Ho BbIMOMHATE 3aX0/1 HA MOCAAKY U MOCAAKY MO 3TOMY
JABJICHUIO HEBO3MOXHO. Benp ypoBeHb U300apUuecKOM MOBEPXHOCTH C
nasiaeHueM 760 MM pT. CT. M3MEHSIET CBOE IIOJIOKEHHWE B 3aBUCHMOCTH OT
METE0YCIOBUM M BOBCE HE COBIAAAECT HU C YPOBHEM a3pOJpOMa, HU C YPOBHEM
Mops. IloaToMy mpH JOCTHIKEHHMHM BO3IYIIHBIM CYyJIHOM B IIPOLIECCE CHUKCHUS
YCTaHOBJICHHOTO 9Ue/lOHA nepexooa BCE WIICHBI DKUIa)Xa JOJDKHBI BBITIOJHUTH
IPOIEAypy YCTAaHOBKH Ha BBICOTOMEpax JaBieHHs aspoiapoma P,,, (QFE) mmm
QNH.

Dwenon nepexooa (transition level) H,, ,,,— 9T0 ycTaHOBIEHHBIN SILIEIOH
noyieTa JUid TNEepeBoJa IIKajdbl JABJICHHS OapOMETPUYECKOrO BBICOTOMEpPA CO
CTaHJIAPTHOTO JaBJICHUS Ha JiaBiieHue aspoapoma (v QNH)..

BricoTa »3mienoHa mepexoia OTCUMTHIBAETCS OT YPOBHS M300apHuUeCKOM
MOBEPXHOCTU C AaBieHueM 760 MM pT.CT. DUIENOH mepexoja MyOJuKyeTcs B
JIOKyMEHTaX a’3pOHaBUTALIMOHHOM WH(popmaruu. OH MOXET ObITh MOCTOSHHBIM
JUISL JAHHOTO a3pOoJpoMa, MOXKET 3aBUCETh OT BEJIMUMHBI aTMOC(EpPHOro AaBJIECHUS
Ha a’pojIpOMe, MOXKET He UMETh (PMKCUPOBAHHOIO 3HAUEHUS, HO KaXIbld pa3
COOOIIATHCS IKUIAXKY TUCIIETYEPOM.

Kak yxe orTMeuanoch, YCTaHOBKa [aBJEHUS aj’poApoMa — BecbMa
OTBETCTBEHHAsl oOmepauus C TOYKM 3peHus Oe3omacHocTu mojaeToB. [lpu
omnbouHoN yctaHoBke AaBieHUs BC MOXET CTOJKHYTHCS C 3eMJIeH, MO3TOMY
aBMAaKOMITAHWEW yCTaHaBIMBaeTCsA Tpolieaypa (TMOPsSI0K) YCTAHOBKH JABICHUS U
MIPOBEPKHU €ro NnpaBUiIbHOCTH. KpoMe Toro, mocie yCTaHOBKU AABICHUS DKUIAK
JOJDKEH COOOUIUTh JAMCIETYEpPY TAaK HA3BIBAEMYIO KOHMPOTLHYIO B8blCOMY, a
JUCIieTYep MPOBEPSIET €€ NMpaBUIbHOCTh. KOHTpobHAs BBICOTA — 3TO 3HAUYEHHE
BBICOTBI, KOTOPOE€ JOJKEH IMOKA3bIBaTh BBICOTOMEP, HAXOISAIIMICS HA SIIETIOHE
nepexoja, Mocjie yCTAaHOBKM Ha HEM JaBlieHUs a’pojpoma. Hampumep, siienoH
nepexona 1500 m, a naBnenue aspoapoma 740 mm prt.ct. IIpu 3aHsTHH CaMOJIeTOM
JIIENIOHA TepexoJa Mo JAaBieHHro 760 MM pT.CT MOKa3aHUS BBICOTOMEpA,
pazymeetcs, coctaBisitoT 1500 M. Ho mocne nepecTaHOBKM JTaBICHUSI U3MEHSTCS U
MIOKa3aHUsl CTPEJIOK BBICOTOMEpPA HA BEJMYMHY, COOTBETCTBYIOUIYIO M3MEHEHUIO
nasienus. [Ipumem, uro Gapuueckas cryneHb cocraBisieT 11 m/mm pr.ct. Torna
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noka3anusi Beicotomepa ymenbiarcsa Ha (760—740)x11=220 m u coctaBsat 1280 M.
DTO U €CTh KOHTPOJIbHAsS BHICOTA.

[Tocne ycTaHOBKM AaBJiCHHUS a’dpOJpOMa BBICOTA IMOJIETA OTCYUTHIBACTCS OT
YPOBHSI a3pojipoma BIUIOTH 70 nocaaku. [locie mocaaku Ha BBICOTOMEPE JTOJKHO
OBITh HYJIEBOE 3HAUEHUE BBICOTHI.

[Ipu cHM>KeHUU Ha 3apyOeKHbIE a3POJAPOMBI IIIEIIOH MEPEXoia CIYKUT IS
ycTaHOBKM Ha BbicoToMepax pAaieHuss QNH. B HekoTopbeix ciydasx 1o
pa3pelieHuIo aucneTdepa jgomyckaercss ycranaBnuBath QNH He Ha smenone
nepexoza, a ele nepe;l CHUKEHUEM Ha 3IIEJIOHE MOJIeTa.

Kak y»xe oTMeuanocs, MOKHO MPUOIMKEHHO CUUTATh, YTO BHICOTOMED TPHU
ycranoBke QNH moxaspiBaeT abcomoTHyto BbICOTY. [loaToMy mocie mocaaku
BBICOTOMED JIOJKEH MOKa3bIBaTh MPEBbIIICHUE (a0COMIOTHYIO BBICOTY) a3pOIpOMa.

Cnenyet oOpaTUTh BHUMaHKE, YTO BBICOTA MEPEXOJa U SUIEIOH Mepexoaa —
ATO pa3Hble MOHATUA W BeIUYMHBL. OHM HCHONB3YIOTCS B Pa3HbIX LEISAX H
OTCUUTBIBAIOTCS OT Pa3HbIX YPOBHEW. DIIENOH mepexona — oT ypoBHA 760 mm
PT.CT., @ BBICOTa MEPEXoja — OT YPOBHs a3pojapoma (mipu B3iere no QFE) wimu ot
ypoBHst Mopsi (nipu B3jere mo QNH). YpoBHHM BBICOTHI M 3IIEIIOHA TIEpEX0/a HE
COBIIAAIOT. DIIEJIOH Tepexo/1a Beeraa Boiie (puc. 6.19).

Jluanazon evicom medxncoy 6vicOmolu nepexooa U IULEIOHOM Nnepexood
HA3b18AeMCs NepexooHbiM cioem. | opuzonmanbhsili nojiem 8 nepexoOHoOM Cloe
3anpeujed, €ro MOXHO TOJIBKO MepecekaTb B HA0Ope WM CHIXKEHHH. OTO
TpeOOBaHHE HEoOXoAMMO [yuisi obecnedeHus: O€30MacHOCTU TMoJIeTOB. Benp
BbuteTarone BC, Haxomsmmecss B NEPEXOAHOM CIIO€, OTCUHUTHIBAIOT BBICOTY I1O
CTaHIAPTHOMY JABJICHUIO, a CHUXKaromuecss BC — no maBnenuto aspoapoma. [axe
3Hasl YHUCIIEHHbIE 3HaueHHs BbIcOT 3THMX BC, aucneruepy TpyAHO oOecCreyuTh
MEXIy HUMU TpeOyeMbIi BEpTUKAJIbHbII HHTEPBAJL.

Ecnu ke mosier OyaeT BBINOIHATHCS HE Ha 3IIENOHE MO AaBieHuo 760 Mm
PT.CT., @ HUJICE HUICHE20 DULETIOHA NO NPUBEOEHHOM) MUHUMALLHOMY OABIEHUIO, TO
B3JICT TAKXKE BBIIOIHACTCS T10 JABICHHUIO adPOAPOMA, A Pyyg sy YCTAHABIUBACTCSA
Ha BbIcOTOMEpe ITpu BbixoJe BC n3 30HBI B3yIeTa U MOCAAKH (a3pOIPOMHOIO Kpyra
MOJIETOB), TO €CTh MIPUMEPHO Ha yaanenuu 25-30 kM oT aspoapoma. B qokymenTax
a’pOHABUTAITMOHHOW HHGOPMAIIMK MOTYT OBITH OIyOJIMKOBaHBI M KOHKPETHBIC
pyOEXH YyCTAaHOBKH JIaBJICHUSI.

/

H760 H \

H 760

OTH.

AN\ N N NN MMM \
P=760

Puc. 6.19. BeicoTta u 3111e510H niepexo/ia
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[Toner mo MapuIpyTy BBIIOJHIETCS [0 MHHHUMAJIbHOMY IPUBEIECHHOMY
JABJICHUIO, 3HAYEHHE KOTOPOTO MPENOCTABIEHO METEOPOJIOTrHYECKUMHU CITy:K0aMu
BO BpeMsl NPENINOJIETHOW MOAroTOBKH. lIpu BXxoje B 30HY B3jeTa M MOCAAKH
a’pofipoMa Ha3zHayeHWs (WIM TpPH TIEPECEUCHUU OIyOJIMKOBAaHHOTO pyOexa)
HKUIMAXK YCTAHABIMBAET JAABJICHHUE a3pOIpoMa MOCAIKH.

3a pyOekoM B aHAJIOTMYHBIX CIydasX BECh MOJIET OT B3JIeTa J0 MOCAIKU
BoimosiHgercss mo QNH, HO 3HaueHue »TOro naBlieHHs B MpolEcce IoJieTa
MEHSETCS, TOCKOJIBKY 3aBUCUT OT paclpeiesieHus 0apuYecKUX CUCTEM (LIUKIOHOB
u aHTUIUKI0HOB). QNH pa3nuuHo Ha a’poapomMax BhIJIETa W MOCAJKU, MCHICTCS
OHO W BHonb MapuipyTta. Tekymee 3Hauenne QNH s paifona cBoero
MECTOHAXOXACHUS  MWIOT NOJy4aeT [0 PAaJUOCBA3M OT JUCIETYEpA WIIU
orepaTopa MoJeTHO-UH(POPMAIIMOHHOTO 00CITy>KUBAHUS.

6.9. Pacuer py0e:keii cHu:KeHHs] 1 HAOOPA BHICOTHI

[Tonetsr coBpemeHHbIX BC BBITIOTHSAIOTCS Ha OOJBIINX BBICOTAX, MOATOMY
CHW)KCHME C BBICOTHI DJIIEJIIOHA IS BBIIIOJHEHUS TIOCAJIKH Ha a’poJapoMe
Ha3HAUYCHUS 3aHUMAET HECKOJIPKO MUHYT M JIOJDKHO OBITh HA4aTO Ha JOCTATOYHO
OOJIBIIIOM PACCTOSTHUM OT a3poJIpoMa.

Pybeosicom nauana crudsxcenuss Ha3bIBa€TCS TOUYKA HA MapIIpyTe, B KOTOPOM
HEOOXOJMMO HadaTh CHI)KCHHE C YCTAHOBJICHHON BEPTUKAIBLHON CKOPOCTHIO,
yTOOBI 3aHATH 3aJJaHHYIO BHICOTY B 3a/IaHHOM TOUKE B pailoHE a’pojipoma.

COOTBETCTBEHHO yoaseHue pybedca HA4ania CHUNCeHUsl S.— PaCCTOSHHE,
nporaeHHoe BC npu CHM>KEHUH, TO €CTh PACCTOSHUE OT TOYKH HAYAJIO CHUKECHUS
JI0 TOUKH, B KOTOPOU JT0/KHA OBITh 3aHATA 3aJaHHAs BBICOTA.

VYnanenue pyOexka CHHKEHHS PACCUUTHIBACTCS BO BpeMs IMPEANOCaI0uHON
MOATOTOBKH, KOTOpas MPOBOJAUTCS MpuONM3uTenbHO 3a 10 MHUH 10 Hadana
camwkenus. llenp pacdera 3akmrodaercs B ToM, uTtoObl BC, cHmXkascp c
yctaHoBlIeHHOW PJID BepTHUKanbHOM CKOpPOCTBIO, IMpU TMPOJIETE 3aJaHHOU
JIUCIIETYEPOM TOYKHM OKA3AJIOCh Ha 3aJaHHOM BbIcOTE ;. IIponer Touku Ha
BBICOTE OOJIBIIIE 33JJaHHON MPUBEACT K HAPYIIICHUIO YCTAHOBJICHHON CXEMBI 3aX0/a
Ha TIOCQJKy, MOXET TMOoTpeOOoBaTh IS JaTbHEHMIIEr0 CHIM)KCHHUS CIHUIIKOM
OOJBIION BEPTUKAJIBLHOM CKOPOCTH, MpEBbIIIANONIEH AonycTumyro. Kpome Toro,
MOXET MPOU30UTH omnacHoe commkenne BC, Tak kak aucnerdep, Ha3Hayasi BCEM
BC 3anannbie BBICOTHI, 00ECIIEUUBAET MEXAY HUMHU O€30TacHbIle MHTEPBAJIbl 10
BBICOTE.

K omacnomy cOmmkenuto ¢ npyrumu BC, a Takke K CTOJKHOBEHHUIO C
MPEIMSTCTBUSAMHU MOXET MPUBECTH U CIMILKOM PAaHHEE 3aHSATHUE 33IaHHON BBICOTHI
elle 10 MpojieTa Ha3HadyeHHOM Touku. Kpome Toro, B sTom ciyuae BC Oyner
BBIHY)KJICHO BBINIOJIHATH IIOJIET 10 3aJaHHOM TOYKA HAa MaJIOW BBICOTE, YTO
MPUBEAET K MEPEpacxoAy TOIUIMBA, IMOCKOJbKY HAa MAaJIbIX BBICOTaX 4YacOBOWU
pacxoJ1 TOIIMBa OOJIbIIIE.
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Jlnsa pacdyera pyOeka CHIDKEHHSI B TIEPBYIO OYepeab HEOOXOIUMO
paccuuTaTh BHICOTY, KOTOPYIO HEOOXOAMMO MOTEPSTh, TO €CTh PA3HOCTH BHICOT AH
MEXIy BBICOTOW smienoHa H,,, Ha KOTOpOH BBHIMOJHICTCS TOJET W 3aJaHHON
BbICOTOU H,,y. BBICOTA DITIENIOHA BCET/Ia OTCUYUTHIBACTCS OT YpoBHS 760 MM PT.CT.
Ecnu 3anannast Beicota H,,y HaXOIUTCS BBIIIE AIIEIIOHA TIEPeX0/ia, TO OHA TaKKe
OTCYHUTHIBAETCS OT ATOTO YpOBHS. B 3TOM ciyuae

AH=H,,, — Hzao0.

Hanpumep, noner BeimonHseTcs Ha smienoHe 8600 M, a aucnerdep 3aan

cHmkeHue 1o smrenora 5700 M. O4eBUIHO YTO MOTEPSITH HEOOXOIUMO
AH = 8600 — 5700 =2900 m.

Ho wuacto 3amaHHas BbICOTa HAXOJUTCS HIDKE OIIEJIOHA IMEpexojaa W,
CIIEIOBATENIbHO, OTCUMTHIBACTCA OT YPOBHS a’pojapoMa. B sTom ciydae mpu
OTIpeeNICHNH Pa3HOCTU BbICOT AH Heo0XoauMO yd4ecTb pa3HOCTh YpPOBHEH
a’poJipoMa 1 ypOBHS M300apHuecKoi moBepxHocTH 760 MM pr. cT. (puc. 6.20).

auwl. H

HHNBINHBH
P=760

Puc. 6.20. K pacuery pybexa CHUKEHUS

Pa3HoCTh BBICOT, TO €CTh BBICOTA a3pOApOMa HaJ YPOBHEM H300apUUeCKON
noBepxHoctu P=760 MM pT.CT., Ha3bIBaeTCs OAPOMEMPUYECKOU BblCOMOU
aspoopoma Hy,p, 5,,. OHa HE COBIANACT C NPEBBINIEHUEM a3pOAPOMA HaJl yPOBHEM
MOps, TIOCKOJBKY B 3aBHCHUMOCTH OT METEOYCIOBMH (BEIWYMHBI P,,,) ypOBEHb
napyieHust 760 MM pT.CT. MOXKET HaXOAUTHCS HA PA3HOM BBICOTE. KaK HUXKE, TaK U
BBIIIIE YPOBHS MOPS U a’pojipoma.

[TockosibKy AaBi€HHE HaA a’poJIpoOME M3BECTHO, OapoMeTpUYecKas BhICOTA
a’poapoMa MOXKET OBITh OIPEACIICHA C TTIOMOIIbIO OAPUYECKOMN CTYIICHHU

Hopap= (160 — P,,,) 11.

Ecnu npaBnenume Ha aspoapome rmpeBbimaer 760 MM pT.CT., TO €CThb
COOTBETCTBYIOIAS N300apuyuecKasi MOBEPXHOCTH JICKUT BBIIIIE YPOBHS a’poapoMa,
TO, B COOTBETCTBUHU C JaHHOU (hopMynoit H,,,, 5., OyIET OTPULIATENHLHOM.

Takum o0pa3om, pasHocTh BbICOT 4H Moxker ObITH paccumTaHa IO

bopmyiie:

AH:Ham - H3ad- - Haapﬁap-
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Jlanee HeoOXomumMo paccuuTaTh Bpems CcHmwkeHus .. [lns ostoro
HE0OXOMMO 3HAaTh BEPTUKAJIbHYIO CKOPOCTh CHUXeHus V,. Ee BenmuunHa 3aBUCUT
ot tuna BC, pexxuma cHUXEHUS, BBIOPAHHOTO SKHUIAKEM, a TAKK€ MOXKET OBITh
pa3Hoi Ha pa3Hoi BeicoTe. J1Jis pacueTa 0OBIYHO MCTIONB3YETCS Cpe/lHee 3HAaUCHHE
BEPTUKAJILHON CKOPOCTU, KOTOPOE MOXKET OBITh OMpeieieHo ¢ noMolbio PJID unu
U3 ONBITA MPEIIECTBYIOIIMX MOJIETOB

[Tockonbky AH — pacctosiHue Mo BepTUKaIH, a V — BepTUKaJIbHAs CKOPOCTH,
TO.

_AH
CH V b

8

t

Tak KaK pa3HOCTh BBICOT U3MEPSAETCS B METPax, a BEpTUKAJIbHAA CKOPOCTh —
B METpax B CEKYH]y, TO BpeMs 1O JaHHOW (popMysie MOIYIHTCS B CEKyHAaX. ITO
HE 04eHb y/1I00HO. OUeBUIHO, YTO JJIS TTOJIYYSHHUSI BPEMEHU B MUHYTaX, pe3yjbTaT
pacyeTa He0OX0IUMMO pa3aenuTh Ha 60 (KOJIMYECTBO CEKYH]] B MUHYTE).

Ha HIJI-IOM BpeMss CHWXEHUS MOXHO OIPEAEIUTh IO KUY,
npejcraBiacHHoMy (puc. 6.21):

® t‘i“' AIH
I
@ 10 V

Puc. 6.21. Pacuet BpeMeHU CHUKEHUS

B.

3HaueHue 4H ycTaHaBIMBAaEeTCS B CAMOM MPaBOi YaCTH MEPBOM IKAJIBI (TaM,
rae Ha HJI-10M nanucano cinoBo «CkopocTh»). [1og HEro moABoAUTCS 3HAUYEHUE
V, Takxe 1o caMoi npaBoi aekaze mkansl 2 (uudpst 2,3. ... 15 Ha mikane ciaeayer
paccMaTpuUBaTh KaK METPHI B CEKYHITY).

Pesynbrar pacuera, TO €CThb BpeMsl CHW)KEHUS, OTCUHTHIBAETCS HAIPOTHUB
udpel 10 B «kBagpaThke), MPUYEM €ro 3HaUYCHUE TTOJIYIUTCS B MUHYTaX.

[Tocie TOro, kKak HaWAEHO BPEMsI CHHMXKEHHUS, HE COCTAaBIKIET TpyAa
OTIPENICINTh M yJajeHue pyOexa CHUXKEHUs S, , Beb dTO HE YTO HMHOE Kak
paccrosinue, nporaeHHoe BC 3a 310 Bpemsi, 1 €ero MOXHO HaWTH MO U3BECTHOMY
yKe Kiouy (cm. puc. 4.8).

s omnpeneneHus S, HeE0OXOIUMO 3HATh CPEAHIOO MyTEBYIO CKOPOCTh Ha
camxennn W,,. TouHoe ee 3HaueHUEe OMNpENEIUuTh TPyAHO. Bo-mepBhiX, mpu
CHIDKCHUU YMEHBINAETCS] MCTUHHAsi CKOPOCThb, BO-BTOPBIX, MEHSAETCA BETED,
MOCKOJIbKY OH pa3jiMyeH Ha pa3HbIX BbicOTaXx. OOBIYHO, UCTUHHAS CKOPOCTh
MPUHUMAETCSL KaK CpeOHssl UCMUHHASL CKOPOCMb HA CHUKEHUU, ONPEIEICHHAs 10
OMBITY KCIUTyaTallud JAHHOTO TUIA camoJieTa. Eciay HET TOCTOBEPHBIX JAHHBIX O
pacrpeeeHnd BETpa M0 BBICOTAaM, TO HANPABJIEHUE BETPA MNPUHUMAETCS TAKUM
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e, KaKk Ha 3IIEJOHE (BBICOTE) IOJETa, & €r0 CKOPOCTh PABHOM MOJOBHHE (MpHU
CHIW)KEHMHM C OOJBIIMX BBICOT — JABYM TPETHUM) CKOPOCTH Ha 3IIEJOHE. ITO
CBA3aHO C TE€M, 4YTO CKOPOCTb BETpa C YMEHBUICHHUEM BBICOTHI OOBIYHO
ymeHbinaeTcs. [1o mogydyeHHbIM TakuM 00pa3oM CpeHEe MCTUHHON CKOPOCTH U
BETPY pelIacTcsi HaBUTAIMOHHBIA TPEYTOJIbHUK CKOPOCTEH M PacCUUTHIBAETCSA
Wy

Pazymeercs, B pe3yibTaTe HUCIOJIB30BAaHUS IMOJYYEHHBIX TaKUM 00pa3om
HETOYHBIX UCXOJIHBIX JJAHHBIX (UCTHHHASI CKOPOCTh U BETEP HA CAMOM JIeJieé MOTYT
OKa3aThCA HECKOJIbKO WHBIMH), M3-32 HETOYHOTO BBIJICPKUBAHUS BEPTUKAIHLHOMN
CKOPOCTH, BO3MO>XHOI'O HECBOEBPEMEHHOI'O Hayajla CHIXKEHHS U 1O JHOOBIM
JPYTUM MpUYMHAM MOXKET OKa3zarbcCsi, 4To BC CHMKAETCs CIMILIKOM OBICTPO WA
CJIIMILIKOM MEJJIEHHO W HE BBIMAET B Ha3HAYEHHYIO TOYKY Ha 3aJaHHOU BBICOTE.
[IoaToMy B mnpouecce CHIXKEHHMSI SKHIaX [OJDKEH OJMH-IBa pa3a MpPOBECTU
KOHmMpOAb W, TPU HEOOXOIUMOCTH, KOPPEKYUIO CHUMCEHUS, TO €CTh YTOYHUTH
TpeOyemMoe 3HaueHHE BEPTUKAIBHOM CKOpocTH. PerieHue 3ToN 3a1auyu OCHOBAHO
M0 CYTH Ha TeX ke (QopMysiax U KJIo4yax, YTO W pacueT pyOexa CHIKEHHs, HO
TOJBKO HE MO BEPTUKAIBHOW CKOPOCTH OIPENETSAETCS BpPEMS CHUXKEHUSA, a IO
OCTaBILIEMYCS BpEMEHU OIpeieiseTcst Tpedyemasi BEpTUKaJIbHask CKOPOCTb.

Paccmotpum  mpumep pacuera pyOeka CHIDKEHHSI W KOPPEKIUH
BEPTUKAIBLHON CKOPOCTH.

Iloner Bemonnsercs Ha H,,=9100 m, 3amannas Beicota H,,,2=900 M 10
JABICHUIO a’poapoma P,,,=735 MM pT.CT., BEpTHKalIbHasA CKOpocTh V, = 8 M/c,
cpeansis myteBas ckopocth W, =530 xkm/u.

Haiinem BoicoTy 4H, KOTOpYI0 HEOOXOIMMO NOTEPATH:

AH=H,,, —H,,— (760-735)11= 9100-900-275 =7925.

[To xmouy (cM. puc. 6.20) wHaiinem BpeMs cHwokeHus t.,=16,5 mun. Ilo
Karouy (cMm. puc. 4.8) HaiiieM NpPOWIECHHOE 3a 3TO BpeMs PacCTOSHHUE, TO €CTh
ynaneHue pyoexa Havasna CHUxKEHus S, =146 kM.

B nonere skumax, 3Has pacueTHOE BpeMs MPUOBLITHS B 33JaHHYIO TOUYKY U
BpeMsl CHH>KEHUS i, IETKO OINpeeNnsieT BpeMs Hauaja CHUKEHUS, a 110 3HAYCHUIO
S,, — TOYKy Ha Mapupyre, B KOTOpOW CHW)XEHHE NOJDKHO ObITh Hayato. [lpu
MOAXOJE K ATOM TOYKE JKUIMAX 3alpalluBacT y AUCIETYEpa pa3pelieHue Ha
Hayajo CHUKEHUS U MOCJIE €ro MOoJy4YeHUs] HAYMHAET CHHXKATBCS 110 PacyeTy.

[IpomomkuM paccMoTpeHre JaHHOTO npuMmepa. Jonyctum, Ha yaaneHuu 90
KM OT TOYKHM, Ha KOTOPYIO HEOOXOJMMO CHHU3HUTHCS, (PaKTHUecKas BBICOTA IO
BBICOTOMEPY OKazayack H;=6900 M, a ¢akTHyecKas ImyTeBas CKOPOCTh COCTaBUIIA
500 km/4. Heo0x01MMO IPOKOHTPOJIMPOBATh MPABUIIBHOCTD BbIAEPKUBAEMOM V..

HaitneM BpICOTY, KOTOPYIO OCTAJIOCh MOTEPATH HA JAHHBIA MOMEHT:

AH=H, —H,,,— (760-735)11= 6900-900-275 =5725.

HaiineM ocraBmeecs: BpeMsl oJieTa 10 TOUYKH IO OCTABILIEMYCSI pACCTOSTHUIO
U TIyTE€BOM CKOpPOCTH (K04, cM. puc. 4.8) t,.,=10,8 mumn.

[To xmouy (cm. puc. puc. 6.20), mo wm3BectHoiM AH u i, Haiigem
TpeObyeMyIo BEpTUKAIbHYIO CKopocTh V,= 9 M/c. CiaenoBarenbHO, BEPTUKATBHYIO
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CKOPOCTh TI0 CPAaBHCHHIO C TIEPBOHAYAIHLHO BBIICPKUBAEMON HEOOXOIUMO
YBEJIUYUTD, TOCKOIbKY BC HECKOJIBKO 3ama3ibIBa€T CO CHHKEHHUEM.

B Bo3aymHOM NpocTpaHCTBE MOTYT OBITh YCTAHOBJIEHBI OTPAHHYEHHUS TIO
MaKCUMaJIbHO JOMYCTUMOW HCTUHHOM CKOPOCTH M BEPTUKAJIBLHOM CKOpPOCTH,
KOTOpbIE MOTYT OBbITh Pa3HBIMHU B PA3IMUYHBIX JMaNla30Hax BbICOT. B aTom ciydae
3aJlayy MO pacyeTy CHIKEHHS] HEOOXOAMMO pelIaTh M0 YacTsIM, ONPEIETUB BpeMs
U PACCTOSIHUE CHIKEHUS JUTSl KaXA0ro U3 IMAMa30HOB BICOT.

B nanHom maparpade paccMOTpeH MOpSAOK pacuera cHudwcenus. llpu
HEOOXOJMMOCTH paccuuTaTh BpeMsl U yJaJleHHE HaOopa 6biCOMbl, PACUET
BBITIOJTHSICTCS aHAIOTUYHO. Pa3HuIla 3aktouaercs Toabko B ToM, uTo BC Habupaer
BBICOTY, a HE CHIDKAETCS, HO Ha pacueTHHIX (opMmysax 3TO, KOHEYHO, HE
CKa3bIBAETCS.

7. AI3SMEPEHHUE BO3JYIITHON CKOPOCTH
7.1. TeopeTnueckune 0CHOBbI H3MepeHHs BO3YIIHOM CKOPOCTH

Ckopoctu BC ABISIFOTCS Ba)KHBIMH HABUT'ALIMOHHBIMU 3JIEMEHTaMU II0JIETA
U XapaKTEpHU3YyIOT, HACKOJIbKO ObICTpO mepememiaercss BC OTHOCUTENBHO KaKOro-
6o oOwvekta. Kak Obulo mokaszaHo, ckopocTh nepemenienns BC oTHOCUTENBHO
36MHOM TIIOBEPXHOCTHM HA3bIBAETCA IMYTEBOM CKOpOCThrO. (OHA MIHPOKO
IPUMEHSETCS B HABUTAMU JUIA ONPEIEICHUS NPOHIEHHOTO pacCTOSHUS U
pemieHus Apyrux 3agad. Ha ee BennuumHy 3aMETHOE BIIMSHHE MOMKET OKa3aTh
BETEP, TO €CTh TOPU3OHTAIBHOE MEPEMEIICHHE BO3AYLIHBIX MAacC, Ha KOTOPBIX
«aepxurcs» BC. TexHuueckue CpelncTsa, MO3BOJSIOIIME B IOJIETE HW3MEPHUTH
IYTEBYIO CKOPOCTh, OyIyT paCCMOTPEHBI B CIEAYIOIIMX IaBax.

Ckopocts nepemenieHuss BC 0THOCUTENBHO BO3/1yXa Ha3bIBAECTCS UCHUHHOU
6030ywHou ckopocmyio. Ha ee BenmMunHy BeTep, KOHEUHO, HUKAKOTO BIIMSIHUS HE
oka3biBaeT. OHa TakKe IIHMPOKO HCIIONB3YETCS B HABUTALlMU ISl pacyeTa MyTeBOM
CKOPOCTH, yIJia CHOCA U APYT'MX HaBUTAllMOHHBIX AJIEMEHTOB.

HcTuHHAsA CKOPOCTh, TaK K€, KaKk U IIyTeBas, — 3TO CKOPOCThb B IMPSMOM
¢usnueckoMm cMmeicie cioBa. Ho mpubopoB uisi ee mpsiMOro HEmoCpeACTBEHHOTO
M3MEpPEHUs] Ha BO3AYIIHBIX CyJlax He YycTaHaBiMBaercs. VICTUHHYIO CKOpPOCTh
U3MEPSIOT KOCBEHHBIM MYTEM C MOMOIIbI0 TPHUOOPOB, HAa3bIBAEMBIX VKaA3ame samu
ckopocmu. B cuily mpuHLMNA CBOEro ACHCTBUS U KOHCTPYKLHMH 3TH HPUOOPHI
(baKkTHYeCKH U3MEpSAIOT HE HCTUHHYIO CKOPOCTb, a JIPYTyIO0 BEJIHMYUHY, YCIOBHO
Ha3bIBAEMYIO NPUOOPHOU CKOpOCMblO, KOTOpas HE SBISIETCS CKOPOCTBIO
nepemernieHanss BC OTHOCUTENBHO KakOTo-100 O0BEKTa, TO €CTh B (PU3NUECKOM
CMBICJIE ATO BOOOIIE HE CKOpPOCTb. AHAJOTUYHO TOMY, KakK IOKa3aHMs
0apoOMETPUYECKOI0 BBICOTOMEpPA, H3MEPSIOLIEr0 Ha caMOM Jelie JaBJICHHUE,
Ha3bIBAlOT 0apOMETPUUYECKOM BBICOTOM, XOTS OHAa M HE SBIIIETCS BBICOTON B
r€OMETPUYECKOM CMBICIIE.
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W3mepeHne BO3AYLIHBIX CKOPOCTEM OCYLIECTBIIETCS a3pPOMempudecKum
Memooom, TO €CTh IyTEM HM3MEpPEHUs JaBieHUil. MeToJ OCHOBaH Ha ypaBHEHUU
H.bepuymmu (1738 T1.), KOTOpO€ BBIpAXXAE€T 3aKOH COXPAaHEHUS DJHEPIUU
OPUMEHUTENBHO K CTpyHKe  raza  (Bo3gyxa), OOTEKAIOIIEro INPUEMHHUK
BO3IYIIIHOTO JTABJICHUS.

B o0mem citydae ra3 o6magaeT ciaeayomuMy BUAAMHA SHEPTUU:

- KHHETUYECKOM SHEPrUeH, CBA3aHHOM C ABMIKEHUEM Ia3a;

- DHEeprueil AaBlieHUs Trasza, Omaromapsi KOTOPOMY OH MOXET BBIMIOJIHATH
pabory;

- IOTEHIIUAJIBLHOM YHEPTUEH, 3aBUCALIEN OT BBICOTBI PACIIOIOKEHUSA CTPYUKHU
rasa Haj 3eMJIei;

- BHYTpPEHHEH (TEMIOBOI) 3HEPIUEl.

OHeprus raza He MOSIBISIETCS M HE MCYE3a€T, HO MOXET NEPEXOAMTh U3
OJTHOTO BHJA B Ipyroi. Ecim B CTpylKe ra3a pacCMOTPETh J1Ba PA3IMYHBIX €€
NOTIEPEYHBIX CEUEHUsS, TO B KaXJOM M3 HUX CyMMa BCEX BHJIOB dHEpruu Oyner
oJiuHakoBoi (puc.7.1).

\

\§

—

Pi: Pir Vi P, P2 V,
Puc. 7.1. CeueHus B CTpyHKe BO3ayXa

Ecnu He yuynThIBaTh MOTEHIHAIBHYIO U BHYTPEHHIOK SHEPTHUIO, CYUTAS, YTO
B 000MX CEUYEHMSIX OHA OJIMHAKOBA, TO ypaBHeHHE bepHysum OyneTr UMeTh BUA:

2 2
&-FP =&+P, (7.1)
2 o2

TJ€ p — IVIOTHOCTh BO3/YyXa,;
V — CKOpOCTh CTPYHKH;
P — namnenue BO3myxa COOTBETCTBEHHO B MEPBOM U BTOPOM CEUCHUSIX
CTPYHUKHU.

JlaHHO€ ypaBHEHME U BBIPAKAET 3aKOH COXPAHEHUS SHEPruM Jid
eIUHUYHOTO oOBheMa rasza. [lepBrie WieHbl, Kak B JIEBOM, TaK U B MPABOM HACTAX
YpPaBHEHHUSI, COOTBETCTBYIOT KHHETUYECKON SHEPTUM CTPYHKH, & BTOPHIC WICHBI —
DHEPTUU JaBJeHUS. B 3TOM ypaBHEHUU CBS3aHBI MEXKIY COOOW CKOPOCTH IMOTOKA
BO3/yXa U €ro JIaBJICHHUE.

B ykazarensix CKOpOCTH HCHOJIB3YETCS MPUEMHHUK BO3IYILIHOIO JaBJICHUS
(IIBM), y>xe ynoMuHaBIIUICS B TJIaBe 00 U3MEPEHUH BHICOTHL. Ho Temeps B aTOM
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MIPUEMHUKE HCTIIOJIB3YETCS TAKKE U TO OTBEPCTHE, KOTOPOE HAIIPABICHO HABCTPEUY
HaOeramonieMy MoTtoky Bo3ayxa. CKOpOCTh MOTOKAa, KOHEYHO, paBHAa CKOPOCTH
nBrkeHUs: BC OTHOCHUTENBHO BO3/lyXa, TO €CTh UCTHHHOW BO3IYLIHON CKOPOCTH.
Takum oO0pa3oMm, TPUHIMI ONpEEICHUs] CKOPOCTH OCHOBAH Ha HU3MEpPEHUU
JABJICHUS, TIOCKOJIbKY O3TH BEJIMYMHBI CBSI3aHBI MEXIY COOOM ypaBHEHHUEM
bepnysu.

7.2. OnHOCTPEJIOYHBIEC YKA3aTEeJIH CKOPOCTH

B ypaBHeHune bepHyIM BXOAST IUIOTHOCTH BO3[AyXa p B 0OOMX CEUYEHMS
cTpyiku. [[ns HeOGompmmx ckopocteit (1o 400-450 xM/4) u BBICOT mojeTa (110
4000-5000 ™) BO3MYyX MOXKHO CUUTATh HeCHCUMAEMbiM W, CIEIOBATEIHHO,
IUIOTHOCTh BO3/yXa B OOOHMX CEUCHHSX CUYUTATh OJUHAKOBOH (p1 = pr = pp).
Hcxoass w3 3TOr0  NPEANOJIOKEHUS KOHCTPYUPYIOTCS H  TPagyHpPYROTCS
00HOCmpeloUHble yKa3aTelu CKOpPOCTH, ycTaHaBivmBaemble Ha BC ¢ He oyeHb
OOJBIIMMHU CKOPOCTSAMH U BbICOTOM mojera. K HUM oTHOcsATcs, Harpumep, YC-
350, YC-450.

PaccmoTpum crpyliky Bo3ayxa, oOtekaromero [IBJI, u nBa ee ceueHwusl.
[lepBoe ceueHne Bo3bMEM Ha HEKOTOpoM pacctostHuu nepex [IB/], a Btopoe —Ha
Bxoze B [IB/] (puc. 7.2).

\ 4

nBa >
4 — - I
\ G e
Pcr.
\Vn V=0
Pcr. Pn.

Puc. 7.2.. Ceuenus ctpyiiku Bo3ayxa nepen [1B/]

B mnepBoM ceueHuM CKOpOCTh MOTOKa V) paBHA HCTUHHON BO3IYLIHOMN
ckopocTu V,, a naBinenue P; — 3To cratudeckoe nasienue P.,, TO ecTh paBieHue
Py Ha ImaHHOI BBICOTE IOJICTA.

Bo BTOopoMm ceuennn Ha Bxojne B IIB/] ckopocTe nmoroka otHocurensHo BC
paBHa Hymo (V,=0), oH MOJIHOCTHIO 3aTopMakuBaeTcs. Ho ero kuHeTHueckas
SHEPI'usl HEe UCYE3aeT, a MEPEXOIUT B DHEPTUIO AaBienus. JlaBnenue P, Ha Bxoje B
IIB/] HaseiBaeTcs nonuvim Oasnenuem P,. Ero Ha3BaHHe OOBACHSICTCS TEM, YTO
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OHO CKJAJbIBACTCS M3 JIByX 4YacTeil: cTaThyeckoro pnaBienus P.,, KOTopoe
MOCTyMano Obl B MPUEMHMK Jaxke Npu HemoJBwkHOM BC, U IOMOJHUTEIHLHOTO
JMHAMUYECKOTO JaBieHusi P,, KOTOpoe BO3HUKIO U3-3a CKOPOCTH HaOeraroiiero
MOTOKa.

C ydetoM uznoxkeHHoro ypaBHenue (7.1) nmpumer BUI:

OTKYyJda MOKHO IIOJIYUUTDb

Pﬂ:PH_PCT :T.

JvHamMudeckoe pAapieHue P Mo-IpyromMy Ha3bIBacTCsA CKOPOCHIHbIM
Hanopom M B 3TOM ciy4dae oOo3HadaeTcsi (. DTa BeIWYMHA SIBJISETCS OYEHb
BaKHOHM, B TOM 4YHCIIe B a’poauHamuke. Ha3Banue ee 0OBACHIETCS TEM, 4TO YeM
OombIle CKOPOCTh, TeM Oosblie (, a Ha HenoaBWxkHOM BC BO3myx BooOIIIe
HUKAKOTr'0 «HAMOpa» HE CO3/IaET.

Torna:
2
q _ P HVu
2
OTKYJla MOKHO BBIPa3UTh HUCTUHHYIO CKOPOCTh
2
v, = |4 (7.2)

PH
W3 nanHoi GopMyinbl caeAyer, YyTo AJi ONpPEAeNIeHUs UICTUHHOW CKOPOCTH
HE00XOMMO 3HAaTh CKOPOCTHOW HANOp U IMJIOTHOCTh BO3/lyXa Ha BBICOTE IOJIETA.
CKOpOCTHOM HaNop

q=P;=Prp— Pcr
HEIOCPEACTBEHHO U3MEPSIETCS B yKa3aTeae CKOPOCTH.

H3mepenne CKOpOCTHOTO Hamopa OCYIIECTBISETCA CISAYIOIIMM 00pa3oM
(puc. 7.3).
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Puc. 7.3. IlpunnunuanbHas cxema paboThl ykazarens ckopoctu Y C-450K

[lonmnoe paBneHune HaOErammero MOTOKAa OT MPUEMHHKA BO3IYIIHOTO
JaBieHUS 6 mMojaeTcs BHYTPh MaHOMETPHYECKOW KOpoOku 1, Haxopsmieics
BHYTpH KopIlyca ykaszareis ckopoctu 4. B cam kopmyc mo TpyOompoBoaam 5
NOCTyaeT CTaTHYECKOEe JaBlieHWE OT COOoTBeTcTBYtomero otBepcrus IIBJI.
[Tomywaercsi, 4YTO BHYTpH KOpPOOKM TIOJIHOE JaBJICHUE, pPABHOE CyMMeE
CTaTUYECKOTO U JUHAMUYECKOI0, a CHAPYKU — TOJBKO cTaTudyeckoe. B pesynbpraTe
ATOTO PACIIMPEHUE WIM CKATHE KOPOOKU 3aBUCUT OT pazHOCMu JABICHUH, TO
€CTh JMHAMHYECKOTO JaBiieHus (ckopoctHoro Hamopa (). [Hedopmarms
MaHOMETPUYECKOH KOPOOKM TOJA JEHCTBHEM pa3HOCTH JABJIICHUN uepe3
NepeaTOYHBIA MEXaHU3M 2 TIEPEIAaeTCs Ha CTPEIIKY yKa3aTels.

Takum oOpa3om, mepemeleHue CTPEIKH, TO eCTh MoKa3zaHus mpubopa Ha
mKane 3 3aBUCAT TOJBKO OT CKOPOCTHOTO HAamopa, UMEHHO KOTOPBIA JaHHBIN
npuodop U U3MeEpseT.

Onnako, kak cieayer u3 hopmyinsl (7.2), Ha caMOM Jel€ CKOPOCTh 3aBUCUT
HE TOJIbKO OT CKOPOCTHOTO Haropa, HO W OT IJIOTHOCTH BO3AyXa Ha BBICOTE Py,
KOTOpas yKa3aTejeM CKOpocTH He usMmepsierca. [loatomy npu epadyuposke wikanv
UCNOIb3Yemcsl He (hakmuuecKkas niomHoCmy, a NOCMOSIHHOe 3HaueHue Po, PAgHoe
NJIOMHOCMU 6030YXA HA YPOBHEe MOps 6 CMAaHOapmHOUu ammocgepe. ITy
MJIOTHOCTH MOKHO BBIPA3UTh Yepe3 TeMIeparypy 1o u naBienue Py:

P

=0 7.3
gRT, (7:3)

Lo

rie  Po=760 mm pt.cT. — naBneHue Ha ypoBHe Mopsi B CA (mipu pacdeTax JIOJKHO
MOJICTaBIATECS B hopmyy B cucteme CU, To ecTh B macKaisix);
To=288 K — abcomtotHas Temreparypa B CA Ha ypoBHE MODS;
9=9,81 M/c*— ycKOpeHHe CBOGOIHOTO A CHHS,
R=29,27 m/K — razoBast mocTosiHHas BO3/IyXa.



235

[Tocne moacranoBku B (opmyiy (7.2) MOCTOSSTHHOTO 3HAYEHUS TJIOTHOCTH
CBS3b MEX]Yy CKOPOCTHBIM HAaloOpOM M CKOPOCTbIO CTAHOBUTCA OJHO3HAYHOM.
Kaxmomy  3Hau€HHMIO  CKOPOCTHOrO  Hamopa  (CTENEHHW  pacIIupeHus
MaHOMETPUUYECKOM KOPOOKHU) COOTBETCTBYET OIpeJeieHHass CKOPOCTh Ha IIKaje
npubopa. Ho Temepp oHa yXe He paBHa UCTUHHOM BO3IYIIHON CKOPOCTH,
MOCKOJIbKY ~ OmpejiesieHa He Mo (aKTHYeCKOM, a MO CTaHIapTHOW IJIOTHOCTU
BOo3/tyxa. CKOPOCTb, MOJIy4eHHAs! MIPU Takoil IpagynupoBKe MpuOopa, Ha3bIBACTCS
UHOUKAMOPHOU 3eMHOU cKOPOCMbIO V9 50, ECIH CUMTATH yKa3aTellb CKOPOCTH
UJCaTbHbIM, TO €CTh HE HMMEIOIIMM HHCTPYMEHTAIBHBIX M a’pOJMHAMUYECKUX
MOTPEIIHOCTEN, TO 3Ta CKOPOCTh U SIBISIETCSI NPUOOPHOL 8030YUIHOU CKOPOCHIbIO,
MOCKOJIbKY UIMEHHO €€ U MOKaXKET UJIeAJIbHBINA PUOop.

Takum oOpazom

20 _ |2qgRT,
Lo P

Kak yxe ormeuanoch, mpuOOpHas CKOPOCTh, KaK W UHJUKATOpPHAsl 3eMHasl,
He sa8niemcs ckopocmuio ogudxcenuss BC omnocumenvhno kakozo- aubo odwvexkma,
TO €CTh 3TO BOOOIIIE HE CKOPOCTh B CTPOTrOM cMbIciie cioBa. [1o cyTu 3To mpocto
BEJIMYMHA CKOPOCTHOTO HAmopa, BbIpaXEHHAas B e€AWHULAX ckopocth. Ho oHa
uMeeT OOJbIIOE 3HAYeHWEe Ui adpOJMHAMHUKM U, CJEAOBATEIbHO, s
mwiotupoBanusd BC. Beap Bce a’spoamHaMUYecKue CHIIBI, JCUCTBYIOIIME Ha
CaMOJIET, B TOM YMCJIE MOJABEMHAS CUJIA, 3aBUCAT UMEHHO OT CKOPOCTHOTO Haropa
(nuHamMuueckoro namieHust). [1o3ToMy B pyKOBOJCTBE IO JIETHOM 3KCILTyaTalluu
MaKCHUMAaJIbHbIe, MUHUMAJIbHBIE U BCE 3aJlaHHbIC CKOPOCTH YKa3aHbl IPUOOpPHbBIC
WJIU UHJUKATOPHBIC 36MHBIE.

Jns HaBUraMM >K€ HEOOXOJMMa HMMEHHO WMCTHUHHAs CKOPOCTb, TO €CTh
dakTuueckas ckopocth mnepememnienus BC oTtHocutTenbHO Bo3ayxa. CpaBHEHHE
dbopmyn (7.3) wu (7.4) mokaspIBaeT, YTO OHHM Pa3IMYalOTCS JIMIIb 3HAYCHHEM
mioTHOCTH. Ha Gonbiioil BeICOTE MojieTa IMIOTHOCTh BO3/yXa py MOMKET OBITH B
HECKOJIbKO pa3 MEHBIIIE py U, CIIEIOBATEIBHO, MPUOOPHAsE CKOPOCTH OYIET ropasio
MEHBIIIE UCTUHHOU.

Eciau munoT B moseTre BIAEPKUBAET MO YKA3aTENI0 CKOPOCTU MOCTOSHHYIO
MPUOOPHYIO CKOPOCTh, TO (PaKTUYECKU OH BBIJICPKUBAECT TOCTOSTHHBIM CKOPOCTHOM
Harop. Ho Ha 00bI110# BBICOTE, T/I€ BO3YX pa3pekeH U IJIOTHOCTh €ro Maja, Jjis
MOJACp>KaHMs TAKOrO K€ Hamopa ( KaK y 3eMJId, He0OXO0IMMO JIETETh OBICTpEE, C
OonblIel MCTMHHOM CKOpocThio. I[loaToMy Ha Mamnbix BbICOTax MNpUOOpHAs
CKOPOCTh OJIM3Ka K MCTUHHOM, a MpU HAOOpe BBHICOTHI C MOCTOSHHON MPUOOPHOM
CKOPOCTBIO HCTUHHASI CKOPOCTh BO3PACTaET.

Ha puc. 7.4 mnokazaH BHEHNIHUN BHUJ HEKOTOPHIX OTEYECTBEHHBIX U
3apyOEKHBIX OIHOCTPEIOYHBIX yKa3zareleld CKOpocTU. 3apyOeskHble MpUOOpbI
rpagyupyroTCs He B KHJIOMETpax B 4ac, a B y3iax (Knots). ¥Ysem — 3to mMopckas
MUJIA B 4YacC.

Vp =V

uno.zem

(7.4)
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Puc. 7.4. BHemIHUI OTHOCTPEIOYHBIX BUJ| YKa3aTeIeil CKOPOCTH

7.3. KoMOMHUpOBaHHbIE YKA3aTeJH CKOPOCTH

Ha Oonpmmx CKOpPOCTAX M BBICOTaX Pa3HOCTh HCTHHHOW W MPUOOpPHOI
CKOpPOCTEH CTAaHOBUTCS Yxe€ 3HauutenbHoW. Hampumep, Ha BbeicoTe 12000 M
WCTUHHAs BO3AYIIHAs CKOPOCTh MOYTH B JABa paza Oosblie npudopHoi. Kpome
TOTO, Ha OOJIBIIMX CKOPOCTSIX M BBICOTaX HAYMHAET 3aMETHO CKa3bIBaThCS
C)KMMAeMOCTh BoO3Ayxa. [loaToMy I CKOpPOCTHBIX W BBICOTHBIX CaMOJIETOB
pa3paboTaHbl JIBYXCTPEJIOUHbIE KoMOuHuposanHvle ykazamenu ckopocmu (KYC),
Hanpumep, tuna KYC-730/1100, KYC-1200. OTu yka3aTeaud UMEIOT JIBE CTPEIIKH
— MIMPOKYIO U y3Kyr0. Ha HEKOTOPHIX M3 HUX HAHECEHBI OTAC/IbHBIC IIKAJbI JJIS
KaXXJIOM U3 CTPEJIOK (puc. 7.5), a HAa HEKOTOPBIX UCHOJIb3YETCsl 00IIIast MIKaja.
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Puc. 7.5. KomOunnpoBanHbIi ykazareiab ckopoctu KYC-730/1100

dopMmyna s TPaAyHpPOBKH TaKOTO MpuOopa Takxke TModydeHa U3
ypaBHEHUsI bepHyiUM, HO NpPU €€ BBIBOJE YUYUTHIBACTCS, YTO BO3AYX MPHU €ro
topmoxkeHuu tniepen IIBJl cxxumaercs W IUIOTHOCTh €r0 YBEIWYUBAETCA. ITO
MIPUBOJUT K BO3PACTAHUIO MTOJIHOTO JaBieHus. JlanHas ¢popMyia UMeeT BU:


http://aeroparts.narod.ru/UMA_16-311-160.jpg
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kL

k
VA S-S Y | R ) (7.5)
k-1 P,

rne Kk — mokasarenb aguabarthl, TO €CTh OTHOIICHUE YACIBHON TETNIOEMKOCTH

BO3/lyXa IIPU MMOCTOSHHOM JIaBJICHUHU K YAECIbHOW TEIIIOEMKOCTH ITPU

MOCTOSTHHOM oObeMe (Jiist Bo3ayxa k=1,4);

Th, Py — abcomnroTHas TemriepaTypa U TaBJICHHE Ha BBICOTE MOJIETA,

KOTOpBIE COBMECTHO OTPEACIAIOT (PaKTUUECKYIO TNIOTHOCTH BO3yXa.

B coorBerctBUM € 3TOM (HOPMYJIOM CKOPOCTH 3aBUCUT HE TOJBKO OT
CKOPOCTHOTO Hamopa (, U3MepsSeMOro MaHOMETPUYECKOW KOPOOKOH, HO M OT
TEeMIIepaTyphbl [y U CTaTHYECKOTO JABJICHHS Ha BbICOTE Py, KOTOpbIE yKaszareieM
CKOPOCTH HE U3MEPSIOTCS.

[Ipu rpamyupoBKe WIKAIBI 0 WUPOKOU cmpenxky B JaHHyIo GOopMyiy B
KauecTBe TeMIepaTypbl W JaBJICHUS TMOJACTABJICHBI KOHCTAHTHI [o, P,
COOTBETCTBYIOIIIUE YCIOBUIM CTaHAAPTHOM aTMoc(ephl Ha YPOBHE MOPHI.

[[Iupokast cTpenka MOKAa3bIBA€T, KaK W B OJHOCTPEIOYHOM YyKa3aTele,
CKOPOCTb, Ha3bIBAEMYIO npubopuoi V,,, HO TpalyupoBKa IIKalbl OCYLIECTBIECHA
yXe 1mo apyroil Oonee TtouHou dopmyne (7.5). Bmpodem, pasHOCTH MEXIYy
IPUOOPHBIMH CKOPOCTSIMU MO CTPEJIKE OJHOCTPEIOYHOTO YyKazaTess U IIUPOKOU
ctpenku KYC Ha npakThke 3aMEeTUTh HEBO3MOXKHO. Benb paznuyune CTaHOBUTCS
3aMETHBIM TOJBKO Ha OOJIBIIUX CKOPOCTSIX, KOTJIa HAYMHAET MPOSBIATHCS
C)KMMAaeMOCTh, @ OJHOCTPEJIOYHBbIE YyKa3aTeld Ha OOJIBIIMX CKOPOCTSIX He
paboraroT. [loaTOMYy MOXHO CUHMTaTh, YTO ILIMPOKas CTpeJKa Ha BCEX BHUAAX
yKaszaTeliel TMOKa3blBaeT MPUOOPHYI0 CKOPOCTh, TO €CTh CKOPOCTHOM HAarop,
BBIPAKEHHBIN B €IMHUIIAX CKOPOCTH.

Jnst  popmupoBanusi mokazanuit yskou cmpeaku B KYC  ycTpoiicTBO
npubopa ycoBepieHcTBOBaHO. Mexanu3m y3koi ctpenku KYC cBsizaH HE TOJNBKO
C MaHOMETPUYECKON KOPOOKOH, 3aMepstollell CKOPOCTHON HArop, HO U C OJOKOM
aHEPOUIHBIX KOPOOOK. AHEpPOUIHbIE KOPOOKU BEIyT ceOsl aHAIOTMYHO TOMY, Kak
OHM BenyT cebs B BbicoToMepe. C MOABEMOM Ha BBICOTY AHEPOMAHBIA OJIOK
paclMpsieTcss W MOBOPAYMBACT Y3KYHO CTPEIKY Ha JOIMOJHUTENBHBIA Yroja IO
CPaBHEHHUIO C IIHPOKoH (puc.7.6). TeM caMbIM YYUTHIBACTCS M3MECHEHHE BBICOTHI
IIOJIETA, MIPU YBEJIIMYECHUH KOTOPOW MCTHHHAS CKOpPOCTh pacteT. llokasanusa y3kon
CTPEJIKH MPUHATO 0003Ha4YaTh Vi kyc-

MOXHO CcuMTaTh, UTO MIKaJNa Y3KOW CTPEIKH OTrpaAyMpOBaHa MO TOM ke
dopmyrne (7.5), HO 3HaUCHUS BXOJSIIMX B HEE JABJICHUS M TEMIEPATYPhl YKe
npyrue. Cratuueckoe naBieHue Py ucmonb3yercs (akTHUecKoe Ha BBICOTE
nosneta. OHO W M3MEpSETCS aHSPOUTHOM KOPOOKOM.

Ho Temmniepatypy mansbslii mpubop He m3MepsieT. B kadecTBe TeMmepaTypbl
IpU TPaayUpOBKE HCIOIB3YETCS TEMIIepaTypa Ha OAHHOU 6vbicome 8 YCI08USX



238

cmanoapmuou ammocghepvl Ty cy. TO €CTh, TOXOXKE HA TO, KaK ITO CIETIAHO B
O0OBIYHOM 0apPOMETPUUECKOM BBHICOTOMEDE.
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Puc. 7.6. Kunematrueckas cxemMa KOMOMHHPOBAHHOTO yKAa3aTelsi CKOPOCTH

Takum oOpazoM, B wugeanbHoM KYC mokazaHuss IIHPOKON CTPENKU
OTJIMYAIOTCA OT MCTUHHOW CKOPOCTM B OCHOBHOM IIOTOMY, YTO TEMIIEpATypa H
JaBieHHE (IUIOTHOCTh BO3/lyXa) HAa BBICOTE CYLIECTBEHHO OTIMYAKOTCA OT MX
3Ha4eHUM Ha ypoBHE Mops B CA.

[loka3zaHust K€ Y3KOW CTPEJIKM HE COBIANAKOT C HWCTHHHOM CKOPOCTBIO
OTOMY, YTO (paKTHUECKasi TeMIepaTypa Ha BbICOTE HE COBMANAET CO CTAHIAPTHOM
TEMIEpaTypoil Ha 3Tol BbIcoTe. PaHee oTmedanoch, yTo Ha OONBIIMX BBICOTaX
TEMIIEpAaTypa PEAKO CYLIECTBEHHO OTIMYaeTcsa OT cranaapTrHou. Ilostomy u
NOKa3aHUsl Y3KOW CTPENIKM OYeHb OJIM3KM K UCTHUHHOM ckopoctu. Eciu B monere
NWIOTY CPOYHO MOTpeOoBatach UCTUHHASI CKOPOCTh, €€ MPUOIMKEHHOE 3HAUYCHUE
MO’KHO OTCUMTATh MO Y3KOU cTpenke. s monydyenus 6ojee TOUHOTO pe3yJibrara
HEO00XO0MMO ITPOU3BECTH PACUET, MOPSIIOK KOTOPOro OyIeT pacCMOTPEH AaJiee.

7.4. IlorpemiHocTH yKa3areseil CKOPOCTH

VYkazarenb BO3IYIIHOM CKOPOCTH, Kak M JIt0OOW mpuodop, UMEET
IIOIPEIIHOCTH.

Huempymenmanvhole noepewinocmu AV, BO3HUKAIOT U3-3a HECOBEPIIICHCTBA
KOHCTPYKUMH MpuOOpa U HETOYHOCTH €ro peryiupoBkd. [lpuunHamum
UHCTPYMEHTAJIBHBIX OIIMOOK SBJIAIOTCSI HETOYHOCTb M3TOTOBJIEHHS MEXaHU3MOB
yKazaTelisd, W3HOC JeTajeil, IMOTepsl YHPYruX CBOMCTB aHEPOUIHONW KOPOOKH,
a0 TH U T. A. OHU ONpeAeNAIOTCs MPH JIAOOPATOPHOU MPOBEPKE MyTEM CIMUECHUS
MOKa3aHUM yKaszaTesasl CKOPOCTH C MOKa3aHUsAMH TOYHO BBIBEPEHHOTO MpHOOpa,
3aHOCATCS B Tpa@UK WM TaONMIly W YYHUTHIBAIOTCS MPU PacyeTre CKOPOCTH.
Kaxnpiii sk3eMiuisip npubopa HMMEEeT CBOM 3HAYEHUS HMHCTPYMEHTATIbHBIX
IIOIPEITHOCTEN.

Aspoounamuueckue nocpewnocmu AV, BO3HUKAIOT U3-3a MCKAKEHUS
BO3JYIIHOI'O IOTOKA B MECTE YCTAHOBKM IPUEMHHMKA BO3AYLIHOIO JIABJICHUS.
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XapakTep ¥ BeTUYHHA 3THX MOTPENTHOCTEH 3aBUCAT OT THIMA BO3IYIIHOTO CYJIHA,
MECTa YCTAaHOBKM NPUEMHHUKA BO3AYIIHOIO JaBJICHUSI, CKOPOCTH U BBICOTHI
nosieta, koHpurypauu BC. Ha ckopocTHBIX caMoiieTax OHHM MOTYT JOCTUTraTh
HECKOJIbKHX JECSATKOB KHJIIOMETPOB B Uac.

AbdpoJIMHaMHYECKHE MTOTPEUTHOCTH OJIMHAKOBBI i Bcex BC manHoro Turma.
OHu omnpenensioTcs MpU MPOBEJACHUM JIETHBIX HCHBITAaHUM, MYOIMKYIOTCS B
PYKOBOJICTBE 1O JIeTHOM 3KciuTyatannd BC u 3aHOCATCS B CHEIMANbHBIA rpauk
WM TabJIUITy TompaBoK. Ha HEKOTOPBIX THIMAaX BO3AYIITHBIX CYAOB IS YIPOIIECHUS
ydeTa TOMPaBOK YyKa3aTelsi CKOPOCTH COCTABJISIIOTCS TaOJMUIbI CYMMAapHBIX
nonpaBok  AVy, yuYdTHIBalOHE€ KAaK  WHCTPYMCHTAJBHBIE,  TaK U
a’pOAMHAMUYICCKHE TTOTPEITHOCTH.

B ob0mem cnyuae ykaszatenb CKOPOCTH WMEET JBa BHJAA METOAMYECKHUX
MOTPENTHOCTEH, TO €CTh MOTPEITHOCTEH, BEI3BAHHBIX CAMUM METOJIOM H3MEpPEHUS,
HECOOTBETCTBUEM  YCIIOBUM, TMPUHATBHIX MPH pacuere IIKal MpubopoB,
(baKTHUYEeCKOMY COCTOSIHUIO aTMOoc(hepbl. DTO MOTPENIHOCTh 3a CUYET W3MEHEHUS
C)KMMAeMOCTH BO3JyXa M METOJMYECKass TOTPEIIHOCTh HU3-32 HW3MEHEHUS
IJIOTHOCTH BO3/yXa.

Tloepewnocmy u3-3a uU3MeHeHUs: CocUMaemMocmu BbI3BaHA TEM, YTO TPH
nosieTe Ha ckopocTax 6osee 350...400 km/u Bo3nyx nepexa 1B/l cxxumaercst, u ero
IUIOTHOCTh YBEJIMYUBACTCS. DTO BBI3BIBAET YBEJIMUYEHHE CKOPOCTHOTO HAmopa H,
CJIEIOBATEILHO, 3aBBIICHAUE ITOKa3aHUHN yKa3aTels CKOPOCTH.

OTH TOTPENTHOCTH HE MOTYT OBITh YUTEHHI 3apaHee MPU TAPUPOBKE IIKAITBI
OJTHOCTPEJIOYHOT'O yKa3aTells CKOPOCTH, TaK KaK C)KUMAEMOCTh BO3yXa 3aBUCHUT
HE TOJILKO OT CKOPOCTH TI0JIeTa, HO U OT TJIOTHOCTH Bo3ayxa. Ho omHOCTpenoyHbIe
yKa3aTelld pacCUYuTaHbl Ha HEOOJBIITNE CKOPOCTH M BBICOTHI ITOJIETa, HA KOTOPBIX
JaHHas TIOTPEITHOCTh HE TIPEBBIMIACT CIUHUI] KHJIOMETPOB B Yac, TO €CTh MEHBIIE
IIEHBI JICJICHUs] Ha IIKaJIe yKa3aTess, MOATOMY JJisi OJHOCTPENIOYHBIX yKazaTelen
MOTPENTHOCTh M3-32 U3MEHEHHS C)KMMAeMOCTH HECYIIECTBEHHA M Ha MPAKTHKE HE
YYUTHIBACTCS.

B KOMOMHUPOBAHHBIX yKa3aTeNAX CKOPOCTH MOKA3aHUS WUPOKOU CMPeNKU
orrpaayupoBanbl 1o ¢dopmyne (7.5), KoTopasi BBIBEEHA YK€ C YYETOM
C)KMMaeMOCTH Bo3ayxa. Ho Bce paBHO OHa OKa3bIBaeTCsl yUTEHHOW HE MOJHOCTHIO.
[TockonbKy TIpu TpaayupoBKe B popMyIty mojcTaBieHbl Py u Tg , mosry4aercs, 4To
C)KMMAEMOCTh yYUWTHIBACTCS TMPABWIBHO TOJBKO TIPH TIOJETaX B YCJIOBHSX
cTanaapTHON atMochepsl y 3emin. C yBEIMYCHHEM K€ BBICOTHI Ha CaMOM Jeje
C)KMMaEMOCTh U3MEHSIETCS, BCICJACTBHAE YETO M BOZHUKACT IMOTPEITHOCTH, TTOATOMY
JAHHBIM BUJ TIOTPEITHOCTH W HA3bIBAETCSA TMPABWIBHO «H3-32 HW3MCHCHHS
C)KMMAEMOCTH.

Ha Oombmux BbICOTaX W OOJBIINX CKOPOCTSAX IOTPENTHOCTh H3-3a
U3MEHEHHUSI CKUMAEMOCTH MOYKET OBITh BECbMa 3HAYUTEIBHOW,  MOATOMY €€
HEO0OXOMMO YUYWTHIBATH MpU pacuere ckopocted. Ha puc.7.7 moxaszan rpadux
3aBUCUMOCTH TIOTIPAaBKM HA W3MEHEHHE COKMMAEMOCTH OT BBICOTHI U CKOPOCTH
noJieTa.
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Puc. 7.7. HonpaBKa Ha UBMCHCHUC CXKUMACMOCTH BO3yXa

M3-3a HeyueTa CHKMMaeMOCTH YyKa3aTellb CKOPOCTH BCET/a MOKA3blédem
cKkopocme 6onvule axkmuyeckol. ITO 03HAYACT, YTO NONPABKA HA U3MEHEHUe
colcuMaemMocmu 6ce20a Ompuyamenvha.

Ha npakTuke nis ydera 3Toi MONMpaBKH UCMOJIb3yeTcs Tabiuua (tadin.7.1).
[TockoNbKy MOTPENTHOCTD SABIISETCS METOIUYECKON, TO JaHHAs Tabuila sSBISETCS
eaquHon misa Becex tunoB BC wm ykazareneit ckopoctu. [lpm ee ucnonb3oBaHUM
HEOOXOJMMO MOMHHTbH, YTO BCE 3HAYCHMS IOMPABOK B TAOJMIIE HA CaMOM JIETie
SBIIAIOTCA OTpULATeNbHBIMU. [IpocTo 3HaK «MHHYC» JUIsl SKOHOMHHM MecTa B
Ta0JIUIe HE yKa3aH.

[Ipu QopmupoBanuu mnokazanuii y3xou cmperku KYC ¢ momolsto
aHEpOMIHOM KOpPOOKH H3MEpSeTCs] CTaTUYECKOE HaBJICHHWE, UYTO IO03BOJISIET MpPH
rpagyupoBKe MPUOOpa y4yecTh U U3MEHEHUE CKUMAEMOCTU C BBICOTOM, MO3TOMY
npu pacueme UCMUHHOU CKOPOCMU NO NOKA3AHUAM Y3KOU CMPENKu NONPAasKy Ha
UBMEHEHUe CHCUMAEeMOCTU He YHUMbIBATOM.

Memoouueckas NOZPEWHOCMb U3-3d USMEHEeHUs. NIOMHOCMU 8030VXd
BO3HUKAET B Pe3yJIbTaTe HECOOTBETCTBUS YCIOBHIA, IPUHATHIX MPH pacdeTe IIKal
pudOPOB, PaAKTUYECKOMY COCTOSTHUIO aTMOC(hEPHI.
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Tabanma 7.1
[TompaBKH K yKa3aTelo CKOPOCTH Ha U3MEHEHHE COKMMAeMOCTH BO3IyXa
(A4V iy KM/1)

Bricora nosnera, CkopocTs 1o npubdopy V, km/g

M 300 | 400 | 500 | 600 | 700 | 800

2 000 1 2 3 4 7 9

4 000 2 4 6 10 16 23
6000 3 6 11 18 27 39

8 000 4 9 17 28 41 53

10 000 6 13 24 40 56 80

12 000 9 19 34 56 78 98
14 000 12 26 48 73 97 | 118

N3mepsiemblid  yKazaTteleM CKOPOCTHM CKOPOCTHOM Hamop ( sBIsSeTCA
(GyHKUIMEW TUIOTHOCTH BO3JlyXa Py U UCTUHHOW BO3IYIIHOW CKOPOCTH mosera V.
CrnenoBatenbHO, npubop OyIeT naBaTh TOYHBIE MOKAa3aHUS TOJIBKO IPU TOM
3HAYEHUU IUIOTHOCTHU BO3/1yXd, HA KOTOPOE OH PAaCCUUTAH, KOTOPOE UCIOJIb30BAHO
IIPU €r0 IPagyrupoBKE.

ITockonbKy y3kas u mmpokas crpenku KYC orrpaayupoBaHsl O-pa3HOMY,
TO €CTh JUISl Pa3HbIX PACYETHBIX 3HAYEHUH IUIOTHOCTH, TO U METOAMYECKas
HOTPEIIHOCTD B UX MOKa3aHUsIX OyAeT pa3andHoil. PaccMOTpuM uX OTAEIBHO.

[[moTHOCTP  BO3AyXa TIOJHOCTBIO  OMNpPEACNAETCS  TEMIEPATypol H
napienreM. [Ipu GopmupoBanuu nokazanui yzkou cmpenxu KYC anepouaHoit
KOpPOOKOU U3MeEpsIeTCs (hakmuyeckoe aTMOCPEPHOE JaBIEHUE, IO3TOMY HU3-3a HETO
NOTPEIIHOCTA BO3HUKATh He OyneT. dakThyeckas ke TemIreparypa Ha BBICOTE B
KYC He n3mepsiercs, BMECTO HEe IIPU TPALyUPOBKE HCIIOJIb3YETCSl CTaHAAPTHAs
TeMmiiepaTypa Ha BbicoTe. ClieoBaTeNbHO, METOAMYECKAs MOrPEIIHOCTh B
NOKAa3aHUSAX y3KOM CTpEeNIKM BO3HUKAET M3-3a OTIMYUS  pakmuueckou
memnepamypel Ha 6vicome Ty, om memnepamypbl Ha SMOU €bicome 6
cmanoapmuoul ammocgepe Ty cy , TOITOMY JAHHYIO TTOTPEIIHOCTD €III¢ HAa3hIBAIOT
TEMIIEpaTypPHOM MOTPEIIHOCTHIO.

MoOxHO T10OKa3aTh, 4YTO II0 TOKAa3aHHUSM Y3KOM CTPEIKU WCTUHHYIO
BO3JIYIIHYIO CKOPOCTh V,; MO’KHO paccuuTaTh 1o GopMyIie:

Vu :Vnp.KYC (76)

B nannoit ¢popmyne nox Vi, xyc TOHMMAIOTCS TOKa3aHUs y3KOW CTPEIKHU C
y)K€ YYTEHHBIMH WHCTPYMCHTAJIBHBIMH M a3pOJMHAMHYCCKUMH ITOMPABKAMHM, TO
€CTh B IIPETOJI0KEHUH, YTO OHH PABHBI HYJIIO.

W3 nanHo# hopMybl MOKHO BHUIIETh, YTO MPHU OJHOM M TOM K€ TIOKA3aHUH
y3KOH cTpenku Vypxyc , 4EM BBIIIE (paKTHYECKas TeMIIepaTypa, TeM OoJibllie
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WCTUHHAS CKOPOCTh. TO €CTh, TP MOBBIMICHHBIX TEMIIEpaTypax IpuOop 3aHUKAET
MOKa3aHMs, MOKa3bIBAET CKOPOCTh MEHbIIIE TPaBUIILHOM, 1 HA0OOPOT.

Pasnocts Mexny V, U Vipkyc U SBISETCS METOIUYECKON TEMIIEPATypHOM
nonpaBkoil. Ha nmpakTuke 3HaueHHe caMOl ATOM MOMpaBKu (Pa3HOCTU CKOPOCTEH)
OOBIYHO HE PpAaCCUUTHIBACTCH, a HpocTO MO Vy,kyc Cpasy pPacCUUTHIBAIOT
HUCTUHHYIO CKOPOCTb, TO €CTh YK€ C YYETOM METOJMYECKOM MompaBKku. Pacuer
MOXxeT ObITh pousBeieH Ha HJI-10M umu o dopmyie (7.6).

PaccmoTpum  Temeph  METOAMYECKYHO) TEMIEPATypHYH) IOTPEHIHOCTb,
BO3HUKAIOIIYI0 B TOKa3zaHUsX wupokou cmperku KYC WM OJHOCTPEIOYHOTO
ykazarens. X rpagyupoBKa BBIOIHEHA JUISl TUIOTHOCTH BO3AyXa po =1,225 Kr/M,
COOTBETCTBYIOLLIEH YCIOBUSM HA YPOBHE MOps 6 CMAHOApPMHOU ammocgepe
(Po=760 MM pt.cT., Ty=288 K). [TloaTOMY MeToaMUYeCcKasi MOTPEIIHOCTh BOSHUKAET
npu J1I000M OTKJIOHEHUH OT 3TUX YCJIOBHM — HE TOJBKO IO TeMIepaType, HO U 10
nasnenuto. Ona Haubosee BelMka Ha OOJBIIUMX BBICOTaX IOJIETa, KOTIA
dakTHUeckoe JaBlieHHEe B HECKOJbKO pa3 MeHbllie Py, Ho u Ha ypoBHEe Mops
TeMIiepaTypa penko ObiBaeT paBHa cranmaptHod +15°C (288 K), uto Takxke
BBI3BIBAET MOTPEIIHOCTb.

YyecTp METOOUYECKYIO TMOIMPAaBKy IO TOKa3aHUAM IIUPOKOM MOXKHO C
IIOMOIIBIO CIIEAYIOLIEr0 COOTHOLICHUS:

v =v [|[Fo (7.7)

rae  py— (akTuyeckas IIIOTHOCTh BO3yXa HA YPOBHE IOJIETA,

Vim: — Tak Ha3bIBa€Mas UHOUKAMOPHAS CKOpOCMb, TOIYyYEHHas IyTeM
puOaBICHUS K pUOOPHOI CKOpPOCTH Vip WHCTPYMEHTAIIBHOU,
a’pOAMHAMUYECKOM MOIMPABOK U IMONPABKH HA N3MEHEHUE COKUMAEMOCTH.

[In0THOCTH BO3AYyXa MOXHO BBIPAa3UTh YEpPE3 TEMIIEpaTypy W JABIECHUE C
MOMOIIBIO (POPMYJIBI

p:gﬁ’

nodToMy dopmyiy (7.7) MOKHO 3amucaTh U B TAKOM BHJIE:

(7.8)
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7.5. Kinaccuguxanus ckopocrei

Takum oOpa3om, B IMoJieTe MWJIOT MOXET OTCUYMTATh MOKA3aHUsS IIMPOKON
cTpenku V,, U TyTeM BBOJa TIONMPABOK, KaXkJas W3 KOTOPBIX COOTBETCTBYET
MOTPEITHOCTH  OTPEJCIICHHOTO BHAA, paccuuTaTh HMCTHHHYIO CKOPOCTh V,,
HEOOXOMMYIO I pellieHHs] HaBUTAIIMOHHBIX 3a/1ad. B mporecce 3Toro pacuera
0 Mepe IMOCJIe0BAaTeILHOTO MPHOABIECHUSI MOMPABOK OyIyT 0Opa30BBIBATHCS
«IIPOMEXKYTOUHBIE» MeXAy V,, U V, CKOPOCTH, IOUTH KaXJas U3 HUX UMEET CBOE
Ha3BaHUE, B TOM YHUCJIC MEXKIYHApPOJHOE HAa aHTJIMACKOM si3bike. PaccMoTpum mx
noJipoOHee.

HenocpencTBeHHO Ha MIKaie MpuOOpa MHIOT OTCUYMTHIBAET HPUOOPHYIO
ckopocTts V,,, KoTopast mo-anrimiicku HassiBaetcs Indicated Air Speed (1AS). Eciu
Ha CaMOJIETE YCTAHOBJICHO HECKOJIBKO yKa3aTesield, TO Ha KaXKJIOM U3 HUX Oyaer
CBOC 3HAa4eHWE NPUOOPHOM  CKOPOCTH, TIOCKOJIBKY HHCTPYMEHTAJIbHBIC
MOTPEITHOCTH WHANBUIYAIBHBI JIJIS1 KQXKI0TO IK3EMILIsIpa Mpuoopa.

[Tocne BBOoma B IAS HWHCTpYMEHTaIbHOW M adpPOAMHAMHUYECKOHN IMOTPaBOK
MOJTydeHHAs CKOPOCTh OYyJIeT HAa3bIBAThCS UHOUKAMOPHOU 3eMHOU CKOPOCMbIO
Vwosen 1 Calibrated Air Speed (CAS). B HEKOTOPBIX CTpaHax 3Ta K€ CKOPOCTh
HaseiBaeTcst Rectified Air Speed (RAS), 4To J0CIOBHO O3HA4YaeT «HCIPABICHHAS
BO3JIyIIHAST CKOPOCThY». Eciin B MoOKa3aHWs BCEX yKaszaTelied CKOpPOCTH Ha O0pTy
BHECTH WMHCTPYMEHTAJIbHBIE M adpPOJWHAMUYECKHE TIOTMPABKH, TO IMOJYUUTCS
onuHakoBoe 3HaueHue CAS.

Nmenno CAS  sBIseTCS CKOPOCTBIO, HEMOCPEICTBEHHO CBSI3aHHOW CO
CKOPOCTHBIM HAIlOpOM, OT Hee 3aBHUCAT AceucTByromue Ha BC aspoannamuueckue
cunbl. [loaTOMy, Kak paBUJIO, HUMEHHO B BUJAE MHINKATOPHOW 3€MHOM CKOPOCTH B
PJID ykazaHbl Bce orpaHuyeHus 1o ckopoctsm. CIoBO «3€MHas» B €€ Ha3BaHUU
HAIIOMUHAET, YTO OHA OIpeJesieHa B MPEANON0KEHUH, YTO IJIOTHOCTh BO3yXa
COOTBETCTBYET IUIOTHOCTH Y 3eMJIH (Ha ypOBHE MOPsI B CTaHIApTHOM atMocdepe).

Ecii B WHIMKATOPHYIO CKOPOCTh BHECTHM IIONMPAaBKy HA W3MCHCHHC
COKUMAEMOCTH, TO MOJYUYUTCS uHoukamopuas ckopocmo V., v Equivalent Air
Speed (EAS). B 3Toii CKOPOCTH yUYTEHO, YTO CKMMAEMOCTb BO3JIyXa Ha BBICOTE
YK€ JIpyrasi, OTIINYaeTCsl OT C)KUMAEMOCTH y 3EMITH.

W, nHakoHen, eciu B HMHAUKATOPHYIO CKOPOCTh BHECTH METOJIUYECKYIO
MOTIPaBKy HAa W3MEHEHWE TUIOTHOCTH BO3AyXa, TO M TIOJYYUTCS WCTHHHAS
BO3ayIIHAs ckopocTh V, miu True Air Speed (TAS).

[TocnenoBaTeTbHOCTh TEPEYUCICHHBIX CKOPOCTEH W CBS3BIBAIOIIMX HX
TIOITPaBOK MOYKHO MIPEJCTaBUTh cxeMol (puc. 7.8).

Drta cxema JaeT BO3MOXKHOCTh TEPEXOJHWTHh OT OJHOTO BHJIAa CKOPOCTH K
JIPYroMy Ha OCHOBE YK€ M3BECTHOTO IpaBWja ydeTa IMONPaBOK B HaBUTaIuu. B
JICBOM YacTH CXEMbl CKOPOCTH «0Oojee mpuOOpHBIE», a B MpaBoi — «Ooiyee
WCTUHHBIC», TIOITOMY TP MEPEX0JIe CIEBA HAMPABO COOTBETCTBYIOIINE TOMPABKU
PUOABIISIFOTCS, Pa3yMeeTcs, C y4eTOM MX COOCTBEHHOTO 3HaKa, a MpHU Mepexojie
CIpaBa HaJICBO — BHIYUTAFOTCS.
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Puc. 7.8. MuemoHHnYecKasi cxema Ui peoOpa3oBaHus CKOPOCTEH

7.6. U3MepeHune TeMnepaTtypbl HAPYKHOT0 BO31yXa

[Ipu pacuere CKOpPOCTHM HEOOXOAMMO HMETh 3HAUYE€HUE TEMIIEPATypbl
Hapy>KHOTO BO3AyXa Ha BbIcOoTe mojeta. st 3Tux ueneil Ha 0OpTy BO3AYLIHOTO
CyIHa YCTaHABJIMBAIOTCS JJIeKTpuueckue tepmomerpsl tuna THB-15 u TYD-48
(puc.7.9).

TepMoMeTp HapyKHOrO BO3AyXa SBISIETCS JUCTAHUMOHHBIM TPHOOPOM,
IIPUHLAN JEHCTBUS KOTOPOrO OCHOBAaH HA MCIIOJIB30BAHUM CBOWCTB METAJIOB
MU3MEHATh CBOE JJIEKTPUYECKOE CONPOTHBIICHUE IIPU WU3MEHEHHHM TEMIIEPATYPBI.
IIpy yBenIMYEeHUH TEMIIEPATYyPhl IPOBOJHMUKA €T0 JJIEKTPUUECKOE CONPOTUBIICHUE
BO3PACTACT, a IIPU CHWKEHUU — yMEHbIIaeTcs. 1103ToMy, U3MEpUB IIEKTPUYECKOE
COIPOTHUBJICHUE ITPOBOJHUKA, Mbl MOXXEM IIOJYYUTb TEMIIEPATYPY OKpPYKAIOLIEH
Cpeabl, €CIU IIPOrpagyupyeM ILIKaly yKasaTels B rpagycax.

MHAMBUA. ‘
BEHTMAALMSA

KABMHA (]|
| 3KMNAKA |
i

_—

Puc. 7.9. TepmomeTpsl HapykHOTO Bo3nyxa TYD-48 u THB-15 ¢ gatunkamu
TeMrepaTypbl

JlaTauk TemrepaTypbl, pacnojiokeHHbli 3a Ooptrom BC, obecmeunBaer
U3MEpPEHHUE TeMIepaTypbl HAPY>KHOTO BO3AyXa B AuamnazoHe oT —60° go + 150°C
npu ckopoctsx mojnera 10 1800 km/u. Ha ykazaTene, ycTaHaBIMBAEMOM Ha OJHOM
U3 mnaHened NpuOOPHON MOCKHM, WHAMLUPYETCS npubopHas Ttemueparypa t,,
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KOTOpasi MOXET 3HAYUTENIbHO OTJIMYAThCs OT (PaKkTHUeCKOW TemmepaTypsl ty Ha
BBICOTE I10JIETa, OCOOEHHO JUJIsi CKOPOCTHBIX BO3AYIIHBIX CYAOB. DTO CBS3aHO C
TEM, YTO TEIUIOUYBCTBUTEJIbHBIN 3JIEMEHT JaT4MKa BOCIHPUHMMAET HE UCTHUHHYIO
TEMIEPATypy BO3AYLIHOTO TOTOKAa, a memnepamypy mopmodcenus. llepen
YyBCTBUTEJIBHBIM  3JIEMEHTOM  TEPMOMETpPAa  CKOPOCTb  IIOTOKa  BO31yXa
OTHOCHUTEJIBHO CaMoJieTa YMEHbIIaeTcs 10 Hyls. KuneTuueckast sHeprus Bo3ayxa
NEPEXOIUT BO BHYTPEHHIOIO TEIUIOBYIO 3HEPTUIO U BO3IYX HarpeBaercs, MO3TOMY
B TIOJICTE mepMoMemp 6ce20a NOKA3bleaem memnepamypy oonvuie Qakmuyeckou.

Hanpumep, ecim Tepmomerp mokaseBaer 1, =—30°, TO, BO3MOXHO,
dakTuyeckass temreparypa 3a 6oprom ty=—40°. Temmneparypa —30° Oosnbiie
(teruiee) uem —40°, TOCKOIBKY YUCJIA OTPULIATEIBHBIC

Jns ckopocteit He 6onee 400 km/4a pasHocTs (t,, — t) He mpesbImaer 2...3°,
YTO HE UMEET CYIIECTBEHHOTO 3HAYCHHsI, HO MPH OOJBIIUX CKOPOCTIX OHA MOXKET
OBITh 3HAUUTEJIbHA.

dakTuyeckas TemIepaTypa Hapy)KHOIO BO3[yXa ONpEIeNsercs [0

dbopmye:
ty =t,,— 4t.

[TonpaBka K TMOKa3aHUSIM TEpMOMETpa SBISIETCS (YHKIUEH UCMUHHOLU
sozoyunou ckopocmu At = f(V,), NOCKOIBKY HWMEHHO OT HEe 3aBHCHUT
KMHETUYEeCKasi SHeprusi raza. BennunHa mompaBKU K TMOKa3aHUSIM TEpMOMETpa
OMpeNeNAeTCs MO CHelualbHbIM Tabmuiam (Tadn. 7.2) win (yHKIIMOHATBHBIM
mkanaMm. OnHa u3 Takux mkan (s repmometpa TYD-48) Hanecena Ha HJI-10M
Ha 00paTHOM CTOPOHE ABUIKKA.

Tabmuma 7.2
[TorrpaBKyM K TepMOMETpPaM HaPY>KHOT'O BO3ayXa

V,, km/g | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 900 | 1000
TVD2-48 | 1° 2° 4° 7° 10° | 13° | 17° | 21° | 26°
THB-15 | 0° 1° 2° 4° 9° | 13° | 19° | 25° | 33°

Kak BUIHO M3 TaOmuibl, AJI1 CKOPOCTEH, XapaKTepHBIX IS TPakIaHCKUX
BC, nonpaBku AJig ByX IaHHBIX BUJOB TEPMOMETPOB pa3jinyaroTcsa He OoJiee, YemM
Ha 3-4°. DTO MEHbIIE MOJOBUHBI IIEHbI NIECJICHHS TEPMOMETpA. YUUTHIBAS, YTO
TEPMOMETPBI MOT'YT UMETh U MHCTPYMEHTAJbHBIE MTOTPEUIHOCTH, KOTOPhIE HUKAK
HE YYMTBIBAIOTCSA, MOKHO CJHENaTh BBIBOJ, YTO Ha NPAKTHKE 0/ OnpeoeneHus
HONPABKU MEPMOMEMPA MONCHO NONb308AMbCA 000U WKALOU NONPasox. ITO HE
OKa)XET CYLIECTBEHHOI'O BJIUSHUS Ha TOYHOCTb ONPEAEIEHUS] ICTUHHOW CKOPOCTH.
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7.7. Pacyer BO3AYLUHbIX CKOPOCTEH

Onpeodenenue nonpasok K ykazamenam ckKopocmu. Pacuer HCTHHHOU
BO3/YIITHOW CKOPOCTH IO TMOKa3aHWUSIM CTPEJIOK yKa3aTelel CKOPOCTH 8 obuem
ClIyyae 3aKITFOYACTCS B yUETE BCEX PACCMOTPEHHBIX BUIOB ITOMPABOK:

- HHCTPYMEHTAIILHOM;

- aYPOANHAMHYECKOM;

- IONTPaBKH HAa U3MEHEHUE CKIMAEMOCTH,

- IONTPaBKH HAa U3MEHEHHNE TUIOTHOCTH BO3/yXa.

Bce monpaBku yuWTHIBAIOTCS B COOTBETCTBHHM C OOIIMM MPABUJIOM ydeTa
MOTIPABOK B HABUTAITUU: €CJIM OT MPUOOPHBIX 3HAYCHHUM MEPEXOIUM K UCTUHHBIM,
TO TIONPaBKH MPUOABJISIOTCS C YYETOB CBOMX 3HAKOB, a €CIM TEPEXOJUM OT
WCTUHHBIX 3HAYCHUH K MPUOOPHBIM, TO BEIYUTAIOTCS.

B "acTHBIX ciydasix HEKOTOpBIC U3 MEPEUHCICHHBIX MOMPABOK HA MPAKTHKE
MOTYT HE Y4YHUTHIBaThCs. JIMOO MOTOMY, YTO OHU YUYTEHBI B CaMOW KOHCTPYKIIHH
npubopa, MO0 MOTOMY, YTO OHM Majibl TI0 BEJIMYMHE U MPEHEOpeKEHNEe UMH HE
CKa)KETCsl Ha TOUHOCTH pe3yJibTaTa pacyera.

NHcTpyMEeHTaIbHBIE W a3POJIMHAMHYECKHE TOMPABKH YUYUTHIBAIOTCS C
MOMOIIbIO OOPTOBBIX TAOUI], COCTABICHHBIX JIJISI KAXKIOTO DK3EMILIIpa yKa3aTess
CKOPOCTH.

[TonpaBka Ha W3MEHEHNE CKUMAEMOCTH BO3JIyXa MOXKET OBITh OIPECIICHA C
MOMOIIBIO TaOmuIbl (cM. Tadm. 7.1) B 3aBUCHMOCTH OT BBICOTHI IOJIETA U
pUOOPHON CKOPOCTH.

[Ipu pacueTe MCTHHHOW CKOPOCTH IIONpaBKa HAa W3MEHEHUE TUIOTHOCTH
Bo3ayxa AV, yauTeIBaeTcs B OCIEAHIOW ouepenb. [locne BHeceHus: B mpuOOpHYIO
CKOPOCTh HMHCTPYMEHTAJIBHOM, a’pOAMHAMUYCCKON ITONMPABOK M TIOTPABKHA Ha
U3MEHEHHE CXKUMAaeMOCTH OyJeT TOoJIydeHa HWHIUKATOpHas CKOpocTh V.. B
HEKOTOPBIX OTEUECTBEHHBIX YUCOHHMKAX €€ Ha3bIBAIOT MPUOOPHON HMCIPaBIICHHOMN
CKOPOCTBIO V), yenp-

[TonpaBka AV,, 00buHO yuuThIBaeTcs ¢ nomoisto HII-10M. [ns ee
OTpeJieieHUs] HEeO0OXOAMMO 3HAaTh OapOMETPUYECKYI0 BBICOTY TIOJIETa W
dakTHueckyro Temrneparypy Ha Bbicote. Kirou s pacuera mokasas Ha puc. 7.10.

@ t. @ V,=?
®@ H (5 V

Puc. 7.10. Yuetr MmeToan4ecKoil MOMPaBKA HAa U3MEHEHUE INIOTHOCTH BO31yXa

np.umcnp.

Heobxoaumo o0paTuTh BHHMMaHHE, YTO B JAHHOM KJIIOU€ TemIeparypa
YCTAaHABJIMBACTCS HAa TOM 4YacTH WIKAJIbl TEMIEpaTyp, HaJ KOTOPOM HMEETCS
HaJIUCh «si ckopoctw». llpu pacuere mnO MMPOKOM CTPENIKE BBICOTA
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yCTaHaBJIMBAETCS Ha IKajie 12 (HaHeceHa YEepHBIM I[BETOM), a MPU pacuere Mo
y3KOH CTpesiKe — Ha mmkaie 13 (kpacHoro 1BeTa, cM. puc.4.5).

[IpubnvkeHHO TMOMpaBKy Ha M3MEHEHHE IUIOTHOCTH BO3AyXa MOXKHO
paccuuTaTh B yMe. DTO HEOOXOAMMO YMETh JiellaTh, BO-NIEPBBIX, IOTOMY, YTO HE
BCErJla MMEETCSI BO3MOKHOCTh BocmoJib3oBaTtbecsi HJI-10M, a BO-BTOpBIX, Takou
pacyer MO3BOJISIET OLICHUBATH NPABUIBHOCTh HHCTPYMEHTAIBHBIX BBIUYMCICHUN U
MpeaoTBpaiaTh B HUX rpyOble OUTHOKHY.

UYTOoOBbI BBINOJHUTH NPUOJIMKEHHBIM pacueT BO3AYLIHOW CKOPOCTH B yMe
HeobX00UMO 3anoMHUMb METOJUYECKHE TMOMPABKH K YKa3aTeNl0 CKOPOCTH Ha
OCHOBHBIX BBICOTaxX IOJIeTa. DTH TONpPaBKH yKazaHbl (Tadi. 7.3) 6 mpoyenmax
om ckopocmu nonema. Jig OONETYeHHs] 3allOMUHAHUS MOXHO OOpaTUTh
BHUMAHHE Ha CBSI3b MEXKJY BBICOTOM B KHUJIOMETpaxX M MOMPABKOW B MPOIEHTAX,
KOTOpasi CYIIECTBYET JO BBICOTBI 6 KM BKIIOYHUTEIBHO: YTOOBI MOITYYUTH
MIPOLIEHTHI, HY’KHO BBICOTY YMHOKUTH Ha 10 ¥ pa3aenuTs mnoroiam.

Tab6anma 7.3
Metoauyeckue NonpaBKH yKa3aTelsi CKOPOCTH

Hp, KM 1 2 3 4 S 6 / 8 9 10
AV,, % 5 10 15 20 25 30 40 50 60 | 70

Hanpumep, moner BemmosusAeTcs Ha Bbicore H=7200 M u mocie ydera
NpeabIAyIIUX MOMNPaBOK IOJdy4YyeHa NpuOOpHas HCHpaBieHHAs (MHIMKATOPHAs)
ckopocTh V., =400 kM/u. Ilo Tabn. 7.3 HaxoauM, 4YTO AJii BBICOTBI 7 KM
BenuuuHa 4V, coctaBusieT 40% oT camoii ckopocTH, To ecTh oT 400 kMm/4. JlecsaTh
MPOLIEHTOB OT JIFOOOTO YHCIIa OMNPEACNIUTh JIETKO — JOCTaTOYHO TMEPEBUHYTh
JECATUYHYIO 3aIsTYyI0 Ha OJMH 3HaK BieBo. B nannom npumepe 10% cocrasar 40
km/4, a 40% - coorBerctBeHHO 160 KM/4. [lo mpaBunmy yuera MompaBOK dTa
HoTnpaBKa JOJKHA ObITh npubasnena X Ve, (IIEPEXOA B CTOPOHY HCTUHHBIX
BenuunH). CooTBeTcTBeHHO MostydaeMm V,=400+160=560 km/u.

Henb3st 3a0biBaTh, YTO 3TO JUIIL NPUOIMKEHHBIM MeTon pacyera. Bo-
MEePBbIX, 3HAYEHHUS TMOIMPABOK OKPYIJIEHBI Jisi yaoOcTBa pacuera. Bo-BTOphIX,
3HAYEHHUA ONpPEEICHbI 11l TEMIIEPAaTyphl B CTaHIapTHOM aTMocdepe.

Pacuem ucmunnoit 6030yuwiHOll CKOpOCMU NO NOKA3AHUIO WIUPOKOI
cmpenaxku KYC. Ha BC co ckopocthio mojiera 6onee 400 km/4 Jj1si ©3MEpeHUs
BO3IYIIHONH CKOPOCTH MPUMEHSIOTCS KOMOWHHUPOBAHHBIC YyKa3aTelIM CKOPOCTU
KYC-1200 mmu KYC-730/1100. [IIupokast cTpenka 3THX MPUOOPOB MOKa3bIBAET
npuUOOPHYIO BO3AYIIHYIO CKOPOCTh, a Yy3Kasi — TMPHUOIMIKEHHOE 3HAYCHUE
VCTUHHOW BO3YIIIHOW CKOPOCTH.

HNctuHHash CKOpPOCTh MO mMokazaHuio mmupokoil crpenku KYC  pac-
CUMTHIBAETCA 1O (hOpMyJIe:

V=V, AV, + AV, + AV, + AV,
rae V,, — oKa3aHue HIMPOKOM cTpesiku (MpruOopHasi CKOPOCTh);
AV, — MHCTpyMEHTaJIbHas TOTIPaBKa;
AV, — a3poauHaMHuuecKas MornpaBKa;
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AV, — nonpaBKa Ha U3BMEHEHHUE C)KUMAEMOCTH BO3/1yXa;
AV, — MeToauueckas MonpaBKa Ha U3MEHEHHE MIOTHOCTH BO3/1yXa.

Ilpumep . bapomerpuueckas Beicora H = 8600 m; mokazaHue MIUPOKOH
ctpenku V,,=500 km/u; AV, = + 8 km/u; AV, = — 30 kM/4; oKa3aHuEe TEPMOMETpa
HapYy>KHOTO BO3JlyXa Ha BbIcOTe mosera t, = —38°. OnpenenuTs HUCTUHHYIO
BO3JIYIIHYIO CKOPOCTb.

Pewenue. 1. HaxonuMm BelWUYMHY TOMNPABKKM HA W3MEHEHHUE CKUMAEMOCTH
(cM. Tabxa. 7.1). Ilpu 3TOM y4WTBIBaEM, YTO 3Ta MOMNpPABKa BCET/Ia OTPHUIIATEIIbHA.
[Tpy HEOOXOIUMOCTH WHTEPIONMPYEM 3Ty MOMPaBKy B TaOJIWIE MO BHICOTE H
ckopoctu. [Tomyqaem AV, = —19 xm/u.

2. PaccuntbiBaeM BeIMYMHY MIPUOOPHON HCTIPABICHHON CKOPOCTH:

Vip. semp = D00 + (+ 8) + (— 30) + (— 19) = 459 xm/u.

3. lng ydera mompaBKM Ha M3MEHEHHME IJIOTHOCTH BO3AyXa HEOOXOAMMO
3HAaTh (PAKTUYECKYIO TEMIIepaTypy Ha BbICOTE ty, JUISI 4ero HeoOXOAMMO BBECTH
nonpasky At B mokasanus tepmomerpa t,,. Ho Benmnumna 31Ol mompaBku (CM.
T1a0n.7.2) wu Ha mkame 16 HJI-10M yka3aHa B 3aBUCUMOCTH OT UCHMUHHOLU
cKopocmu, KOTOpasi HeU3BeCTHAa. Beab UMEHHO OHA M JTOJKHA OBITH MOJIy4Y€HA B
pe3yibTaTe pelieHus JaHHOM 3amauu. [lomywaeTcss 3aMKHYTBIM Kpyr: UL
ONpENENeHUs] TOYHOTO 3HAYEHHS MWCTUHHOW CKOPOCTM HEOOXOJUMO 3HaTh
VCTUHHYIO CKOpocTb. Ha caMoM aeine i onpeneneHus NONpaBKu K TEPMOMETPY
JIOCTATOYHO 3HATh MPUOIMKEHHYIO HCTHHHYIO CKOPOCTb, XOTS OBl €€ «Trpy0oe»
3HaueHrne. OOBIYHO OHO M3BECTHO HKUIIAXKY M3 OIbITa MoJieToB. Ecnu ke HeT, To
NPUOJIMKEHHAS! UCTUHHAA CKOPOCTh MOXKET ObITh MOJTYYEHA OJHUM U3 CIEIYIOIIHNX
CIIOCOOOB:!

- 1o mnokazaHusM y3kou crpenku KYC, koropas ©W TOKa3bIBaeT
NPUOJIMKEHHYIO UCTUHHYIO CKOPOCTb;

- IIyTEM pacyeTra B yMe;

- lyTEeM pacyeTra 10 HETOYHOU MPUOOPHOHN TemrepaType TEpMOMETpa.

B npanHOM mnipuMepe BOCHOJIB3YyE€MCsSl IOCIEIHUM M3 MEPEYUCICHHBIX
croco6oB. HaxoauM nprMepHOe 3HaYeHHMe MCTMHHOM BO3AYIIHOH ckopocTH Vi,
UCITIOJIb3Ysl KJItOY Ha puc. 7.10, HO BMECTO HEM3BECTHOM MOKa ty moacrasiseM t,, .
[omnyuaem V,, = 735 km/u.

4. OmnpenernsieM NONPaBKy K MOKa3aHUIO TEPMOMETPA HAPYKHOTO BO3AyXa U
(aKTHUYECKYI0 TEMIEPATYPY BO3/lyXa HAa BHICOTE MOJIETA!

ty = ty, - AL,

B naHHOM npumepe A1 V, =735 KM/4 monydumM 13 Tad. 7.2 (WM 10 IIKaje
16 HJI-10M) A4t = 14°. CnenoBatenbHo, t, = —38 —14 = —52°. JInsa uzbexaHus
OomunOOK HEoOXonMMO oOpamarh BHHMaHHE Ha TO, 4YTOOBI (akThyecKas
TeMIIepaTypa OKazajlach HKE (X0JI0Hee) MPUOOPHOH.

5. Hcnonw3ys Ttenepb yxe (akTuueckyr Temmeparypy t, = —52°

paccyMThIBaEM 110 TOMY ke Kirody (cM. puc. 7.10) HCTHHHYIO CKOPOCTh: V¢, =
705 xMm/4.
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Pacuem  ucmunnoit  6030ywiHOll  CKOpOocMU  NO  HOKA3AHUIO
00HOCIPENIOUH020 YKazamensa cKopocmu. EIWHCTBEHHAs IIUpPOKas CTpeEsKa
OIHOCTPEJIOYHOr0 yKa3zaTenss, Kak u mupokasa ctpenka KYC, mnoxa3siBaer
npUOOPHYIO CKOPOCTH V,,, TOATOMY U pacueT UCTUHHON CKOPOCTU B MPHUHIIHUIIE
aHajorndeH. Ho ogHOCTpEIOYHbIE yKa3aTeln UCIOJb3YIOTCS TOJIBKO IMPU MalbIX
CKOPOCTSIX IOJIETA, @ B ATOM CIlydyae MONpaBKa HA M3MEHEHUE CHKUMAEMOCTH U
MoNpaBKa K TEPMOMETPY OUYEHb MaJlbl, IO3TOMY Ha IPAKTUKE UX HE YUYUTHIBALIOT.

IIpumep. Boicota H = 1800 m; t,, = —16°; V., = 220 km/g; AV, = + 5 km/y;
AV, = =1 km/4. OnipenenTuTh UCTUHHYIO BO3IYIIHYIO CKOPOCTb.

Pewenue. 1. UcnpapnsieM Moka3zaHue ykKazaress BO3AYIIHOW CKOPOCTH Ha
UHCTPYMEHTAJIBHYI0O W a3pOJAMHAMHYECKYIO TMONpaBKU (MONpaBKOM AV
npenedperaeM, MOCKOJIbKY OHa JIJIsl TAaHHOTO MpuMepe MeHee 1 km/4):

Vnp. uchap = VHD + AVI/I + Ava = 220 + (+ 5) + (_1) = 224 KM/LI.

2. llpunumas mnpubopHyr TemIepaTypy 3a ¢GakTHUecKyro (morpaBka
TEpMOMETpa i1 JAHHOW CcKOopocTu He Oosee 1—2°) , yuuthiBaem no HJI-10M
METOOUYECKYI0 TONPABKY yKa3aTels BO3AYIIHOM CKOPOCTM Ha U3MEHEHHUE
IJIOTHOCTH BO3/yXa U HAXOJUM UCTUHHYIO CKOPOCTh: V= 235 km/4.

st cpaBHEHHSI y4TeM 3Ty JK€ IOMpaBKy M JPYTUM CIIOCOOOM — MyTeM
pacuera B yme. IIpuHAB, 4TO BBICOTA OKPYIJIEHHO COCTaBIISIET 2 KM, U3 TaOml. 7.3
BuauM, uro AV, cocraBmser 10% oT Vi uemp, TO €CTh HPUMEPHO 22 KM/H.
CoOOTBETCTBEHHO, UCTUHHAS CKOPOCTh Oyner paBHa 224+22=246 xm/4. MOXKHO
BUJIETh, YTO PE3yJbTAaT ATOr0 MPUOIMKEHHOIO pacyera B yMe, OTIMYAETCS OT
0oJsiee TOUHOTO pe3yibTaTa, moxyderroro mo HJI-10M (V,, = 235 km/4). B nansHoM
Clly4yae paszjinuue OObICHIETCS TEM, UTO, BO-TIEPBHIX, BHICOTA HE 2 KM, a MEHBIIIE, a
BO BTOPBIX, T€M, YTO (paKTUUYECKasi Temreparypa Ha BeicoTe (—16°) cyiecTBeHHO
OTIIMYAEeTCs OT TEeMIepaTypbl Ha HSTOM BBICOTE B CTaHAAPTHOW aTMocdepe
(th.ca=*+15-6,5 -1,8 =+3,3°), Ha KOTOpYIO paccunTaHa Tadi. 7.3.

Pacuem ucmunnoit 6030ywinoun ckopocmu no y3kou cmpenke KYC.
Pacyer HCTMHHOW CKOPOCTH IO Y3KOW CTPEJIKE B IMPUHLMUIIE NTOXO0XK HA pacyer o
HIMPOKOM, HO UMEET CIEAYIOIINE OTINYHUS:

- TIOIpaBKa HA U3MEHEHHE CKUMAEMOCTH HE YUUTBHIBAETCS, TOCKOIbKY OHA
aBTOMATHYECKHU YK€ YUTEHA C MOMOIIbI0 aHepouaHou kopoOku B KYC;

- CaMHM MOKa3aHus y3Kou cTpenku V ., xyc YK€ U SIBISIIOTCSA MPUOJIMKEHHBIM
3HAYEHUEM MUCTHUHOW CKOPOCTH, IMTOATOMY IO HUM U CJIEAYET ONpPEEsiTh MOMPABKY
K TEPMOMETPY;

- IPH y4eTe MeToanyecKou nonpasku Beicota Ha HJI-10M ycranaBnuBaercs
He Ha yepHoil mkane 12, a Ha kpacHoit mkaie 13 (¢ Hagnuceto «1ist KYCy).

Metonuueckas TemneparypHasi ONpaBKa 05 Y3KOU CmMpenku MOXKET ObITh
yarena He Tonbko mo HIJI-10M, HO wm mpubmmxenno B yme. Jlms storo
UCITIOJIB3YETCsl BhITEKaroIiee u3 hopmyisl (7.6) mpaBuiio: Kkasxcovie 5° omrioHeHus
memnepamypovl om CMAHOAPMHOU HA OAHHOU 8bicOme nojiema 0aom NonpasKy
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senuyunou 8 1% om cxkopocmu. llpm 5TOM,  ecnu TeMIeparypa BBIIIE
CTaHJApTHOM, TO UCTHUHHAs CKOPOCTh 0OJIbIIE, 1 HA00OPOT.

Hampumep, mociie y4yera HHCTPYMEHTAIbHOW M adpOJMHAMUYECKON
MOMPAaBOK MONYUUIOCh Vi kyc wemp=090 km/4, BbicoTa H=8100 M, daxtuueckas
TeMiiepaTypa Ha BbicoTe ty=—27° HerpyaHo paccuurtarh (WM ONpPENETUTH MO
Tabiuile CTaHAApTHOM aTMocdepbl), 4YTO Ha OBTOM BBICOTE CTaHAApTHAas
TeMiiepaTypa npumepHo —37°. CienoBarenbHO, (haKTUUECKas BBIIIE CTaHIAPTHOU
Ha 10°, mo’TOMY MCTHUHHAsSI CKOPOCTh OyneT Ha 2% Ooubiie. OueBugHO, 4TO 2%
ot 850 km/u cocraBmsator 17 xkm/4. Torma mpubnmkeHHass MCTUHHAS CKOPOCTD
850+17=867 xm/u.

IIpumep . Beicota H = 6300 m; mokazaHus y3koii cTpenku Vy, xyc= 470xkm/4;
AV, = + 6 xm/u; AV, = —20 kM/4; MoKa3aHHe TEPMOMETPA HAPYKHOTO BO3IyXa
typ= —32°. OnpenenuTs UCTUHHYIO BO3YIIHYIO CKOPOCTb.

Pewenue. 1. Haxogum mo 3HaueHu0 Vy, gyc MNONPaBKy K IOKAa3aHUIO
TEPMOMETpPa HAPY>KHOTO BO3JlyXa U ompejessieM (haKTUYECKYI0 TeMIlepaTypy Ha

BBICOTE I0OJIETA:
At=6°t3=—-32 -6 =—38°.

2. OnpenernsieM UCIIPABIECHHYIO CKOPOCTh i y3Kou cTpenku KYC:
Vnp. KYC nerp — Vnp. kvc t AVI/I + AVa =470 + (+ 6) + (_20) = 456 xkm/4.

3.  VYuureiBaem c¢ nomompio HJI-10M meroamueckyio TemiepaTypHYyIO
MOMpPaBKy U OMNpeesieM HCTUHHYIO CKOPOCTb.

st 3Toro HeoOXO0IMMO TEMIIEpaTypy BO3/yXa Ha BBICOTE IOJIETA, B3ATYIO
no mkane 11, mogBecTH MPOTHUB BBICOTHI TMOJIETa MO KpacHot mkane 13. 3aTtem
MPOTUB TPUOOPHOIN MCTIPABIICHHON CKOPOCTH, B3sITOM MO mikaie 15, mpounrtats mo
mikasue 14 uctuauyo ckopocts V, =448 km/4.

Jl1st cpaBHEHHS MpOBeeM MPUOIUKEHHBIA YUET 3TOM K€ MOMPaBKU B yMeE.
CranpapTHas TeMIiepaTypa Ha BbICOTE 6,3 KM COCTABIISIET:

tH.CA:+15_655 : 6,3:_260.

Paccunrannas  ¢aktuueckas temmepatypa —38° Ha 12° Huowce, dTO
COOTBETCTBYET uyTh Oosee, ueM 2% ckopoctu (TouHo 2,4%).B nanHoMm mpumepe
sto mnpumepHo 10 xkm/u. Ilockonbky QakThyeckas Temreparypa HUXKE
CTaHJAAPTHOM, TO W UCTUHHASA CKOpPOCTb OyAeT MeHblue. Takum o0pa3om,
paccuMTaHHass B yMe€ MCTHUHHAas CKOpOCTb cocTaBUT 456—10=446 km/4. OT0
3HAYECHUE IPAKTUYECKU COBMANAET ¢ paccunTaHHbiM Ha HII-10M.

Pacuem mpebyemoii npudopnoii ckopocmu 011 odecnedyeHus 3a0aHHOU
ucmunnoii ckopocmu. VHorna tpeOyercs pemmTh 3anady, OOpaTHYIO TeM,
KOTOpble OBUTM paccMOTpeHbl. JlomycTum, TpeOyeTcsi MpUOBITH B HEKOTOPBIN
IIYHKT CTPOro B Ha3HaueHHOE BpeMs. [IW1oT MoxeT, 3Has TeKylluee yAalleHHue 110
3TOr0 MYHKTa, paccyuTaTh TpeOyemylo MyTEeBYIO CKOPOCTh, a MO HEH MyTeM
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pellieHus] HaBUTAIMOHHOTO TPEYTrOoJbHUKA CKOPOCTEH, ONpEeAeTuTh TaKylo
UCTUHHYIO CKOPOCTb, IIPM KOTOPOH C YYETOM BeTpa IIyTeBas CKOpPOCTb Oyjer
paBHa TpeOyemoi. Ho munot B mosiere, Kak MpaBWIO, BBIIEPKUBAET HPUOOPHYIO
CKOPOCTb, MOATOMY M HEOOXOJUMO ONpPEAEIUTh TAaKOe 3HAueHUuEe NPUOOPHOI
CKOPOCTH (IIOKa3aHUs IMUPOKOU CTPENIKH), IPU KOTOPOU UCTUHHASI CKOPOCTh OyIeT
paBHa TpeOyeMOH.

B naHHOM ciydae ocCyIIECTBIISIETCS NMEPEXOA OT «HUCTUHHBIX» BEJIUYUH K
«TPUOOPHBIMY, TOITOMY BCE T€ K€ MOTPABKU JOJIKHBI BEIYUTATHCS.

Ilpumep. Boicora H= 9600 m; TpeOyemast uctuHHast ckopoctb V, = 850
KM/4; TOKa3aHHE TEPMOMETpa HapyKXHOro Bozayxa t,, = —40° AV,= +5 xm/u;
AV,= —36 xkm/4. OnpenenuTsb NPpUOOPHYIO0 CKOPOCTH A mupokoi ctpenku KYC.

Pewenue. 1. HaxonuMm 1o BeIWYMHE HMCTUHHOM CKOPOCTH IIONPABKy K
MOKAa3aHUI0 TEPMOMETpPa HAPY)KHOTO BO3AyXa U ompeaensieM (aKTUIECKYIO
TEMIIEPATYPY HA BBICOTE I0JIETA!

At=19° ty =—-40—-19 = — 59°.

2. HUcnpamsiem ¢ mnomomipto HJI-10M  ucTUHHYIO CKOpPOCTH Ha
METOJUYECKYIO MOMPABKY BCIEICTBUE U3MEHEHUS INIOTHOCTH BO3yXa, UCIIOIb3YS
KIII0OY «B OOpaTHYIO CTOpPOHY». TO €CTh, COBMECTUB BBICOTY U TEeMIIEpaTypy Ha
mkanax 11 u 12, ycranaBnmmBaeM BU3UPKOW TpeOyeMyrO0 HCTUHHYIO CKOPOCTh Ha
mkane 14 u HampoTHB Hee OTCUUTHIBaeM 1o mkane 15 Vip yerp = 519 xM/u.

3. Tlo mnomydeHHOW WCHPABICHHOW CKOPOCTH ONpeaessseM 1Mo Tabuie
MIOTIPABKy Ha H3MEHEHHE CRUMAEMOCTH AV, = —25 xM/u.

4. PaccuuThiBaeM MpUOOPHYIO CKOPOCTH:

Vo =V e — AViexe — AV, — AV, = 519—(~25)—(~36)—(+ 5) = 575 km/u.

Pacuer npuOOPHOM  CKOPOCTU JJIS  OJHOCTPEIIOYHOTO  yKazarTens
BBITIOJIHAETCSI QHAJIOTMYHO C YYETOM paHee yMOMSIHYTHIX yrpomieHuid: AV, u At
MOXHO HE YYHUTHIBaTh, MOCKOJbKY OHHU OYEHb MaJlbl MpPHU TOJIETE Ha MajbIX
CKOPOCTSIX U BBICOTAX.

7.8. Ykazareiu uucjaa M

Yucno M (uncno Maxa) — 3TO OTHOUIEHHME UCTUHHOM BO3AYLIHON CKOPOCTH
V;; K CKOPOCTH 3BYyKa & .

v
VISR
a

CKOpOCTh 3ByKa B BO3JIyX€ 3aBHCHUT TOJIbKO OT TEMIIEPAaTyphl BO3JyXa H
MOKET OBITh paccuuTaHa (B METPax B CEKYHY) MO MPOCTOM Gopmyie
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a=20,T,.

[TockonmbKy HCTHHHASI CKOPOCTH, Kak cieayeT u3 dopmyd (7.6, 7.8), Tak xe
KaK U CKOPOCTh 3ByKa, MPOIMOPIMOHATLHA KBAPATHOMY KOPHIO U3 TEMIIEPATYPHI,
TO TOJY4YaeTcs, 4TO UX OTHOIIEHHUE, TO ecThb uucio M, om memnepamypul He
3aeucum. To ecTb, Ha JIIOOONW OapOMETPUUYECKOM BBICOTE KaKIOMY 3HAUCHHUIO
CKOPOCTHOTO Hamopa ( OyeT COOTBETCTBOBATH BIIOJIHE OINPECICHHOE 3HAYCHHE
M, HEe3aBUCUMO OT TeMIepaTypsl 3a OOPTOM.

Ha ckopoctsix mosera, OJM3KUX K CKOPOCTH 3BYKa, a’pOJAMHAMHYECKUE
xapakTepuctuku BC B Ooubliieli cTenenn 3aBUCAT OT 4Kciia M, yem oT npubopHOi
CKOPOCTH.

st xaxaoro BC ycranaBnuBaeTcs mpeieiibHOE 3HAUCHHWE 4yucia M, mpu
MPEBBIINICHUA KOTOPOTO BO3HHUKAET BOJHOBOM KPH3UC, PE3KO YXYIIIAIOIMINAN
YCTOWYMBOCTD U YIPABISIEMOCTh camoiieTa. Ha pa3HbBIX BBICOTaX MOJIETa BOJTHOBON
KpU3HUC HACTYNaeT TPH Pa3TUYHBIX CKOPOCTSAX, HO TIPHU OMPEICICHHOM IS
JTAHHOT'O THUIIA caMoJjeTa uncie M.

[TooToMy Ha OOJBIIMX BBICOTAX W  CKOPOCTSAX  MHUIOTHPOBAHUE
OCYIIECTBIISICTCS. HE TOJIBKO IO MPUOOPHOM CKOPOCTH, HO U MO 4Kciy M, KoTopoe
HE 3aBUCHUT OT TeMIIepaTyphl HapykHOTO Bo3ayxa. Hampumep, B PJID mns kaxmoro
IIIENIOHA TI0JIETa MOTYT OBITh YKa3aHbl pEKOMEHIyeMble 3HaueHus1 yucia M, npu
BBIJICP’KMBAHUH KOTOPBIX PACXO/1 TOIUIMBA OYJIET MUHUMAJIBLHBIM.

Uucino M MoxkeT ObITh pacCUUTAHO MO U3BECTHOMY CKOPOCTHOMY HAIopy U
JTABJICHUIO HA BBICOTE C MOMOIIBIO (DOPMYJIBI:

k-1

2 q K
[ I |
M=\, (7.9)

Ha BC ycranaBnuBaroTcsi mpuOOpBI, KOTOPbIE MOTYT HENOCPEACTBEHHO
U3MEpUTh U MHIULMPOBATH yuciao M, Tak HazbiBaemble M-mempul, HapUMeED,
MC-1k; MC-1,5M; YM-1-0,89 u apyrue (puc. 7.11).

Puc. 7.11. KomOunnpoBaHHbI yKa3zaTeab TprUOOPHON CKOPOCTH U yucia M
YCUM-1
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[To W3BeCTHON MCTHUHHOW CKOPOCTH M TeMIiepaType 3a OOpTOM CKOPOCTb
3ByKa & M 4KciI0 M MOXHO paccuuTath U ¢ rnomoiisio HJI-10M o kirouy (puc.
7.12). J1ns oToro Ha mikajae 12 HampoTHB BBICOTHI 3,25 KM (B JaHHOM KIIIOYE 3TO
KOHCTaHTa) yCTaHaBIMBaeTcs Temmeparypa 3a Ooprom Ha mkane 11. Torna
HanpoTtuB yuciaa 1000, oOGpaMIeHHOTO MPSMOYTOJbHUKOM Ha Ikaie 15, MOKHO
OTCuMTaTh Ha mmKajge 14 CKOpocTh 3Byka B KHJIIOMETpax B yac. A HampoTUB
UCTUHHOM CKOpPOCTU Ha mKaie 14 MOXHO Mo miKaie 15 onpeaenuTh 3HaYalue
mudpsl uncna M. Hanpumep, ecnu orcunrano uucio 350, to M=0,35.

@ tH @ Vm aKM/H = ?

© 3,25 ® M=7? 1000

Puc.7.12. Onpenenenne ckopoctu 3Byka u yucia M na HJI-10M

7.9. IlousiTHe 0 cUcTEeMAaX BO3AYIIHbIX CHTHAJIOB

[Ipocreiime  a’pomMerpuueckue  mpuboOpsl  —  OapoMeTpUUECKHe
BBICOTOMEPBI, YKa3aTeIN CKOPOCTH, BAPUOMETPBHI — MPOCTHI MO YCTPOWMCTBY U
HajexkHbl. Ho oOHM o00najgaloT W HEAOCTaTKaMH, OrPaHUYUBAIONIUMHU HX
MPUMEHEHUE HAa COBPEMEHHBIX CaMoJIeTax [l aBTOMATU3UPOBAHHON HAaBUTAIWU.
Bo-niepBbix, HHPOpPMAILIMIO OT ATUX MEXaHUYECKUX MPUOOPOB TPYJAHO NEepeaaTh B
AJIEKTPOHHBIE YCTPOMCTBA (CUCTEMY CYHUCIEHHUS IyTH, aBTONWJIOT U T.A.) Bo-
BTOPBIX, ATUM MNpUOOpaM MPUCYIIH HHCTPYMEHTAIbHBIE U a’3pPOJMHAMUUYECKHUE
MOTPEIIHOCTU, KOTOPbIE MUJIOT BBIHYXJACH YYUTHIBATH «BPYUHYI0» C MOMOIIBIO
OOpTOBBIX TaONMI. B-TpeTbuX, KaXKIbli U3 TaKUX MPUOOPOB pabOTaET OTAEINBHO,
cam 1o cebe. A Bellb i TOTO, YTOOBI BHECTHU TONPABKHU B MTOKa3aHUs, HAIPUMED,
yKazaTelis CKOPOCTH, HEOOXOIUMO 3HAaTh M BBICOTY, M TEMIIEpaTypy, TO €CTh
UCII0JIb30BATh TTOKA3aHUSI IPYTUX MPUOOPOB.

UtoOsl n30exaTh ITUX HEJOCTATKOB Ha coBpeMeHHbIX BC ycTaHaBIMBaroT
cucmembol 8030yuinblx cuenanos (CBC). OHu mpeacTaBisioT co00M MporpaMMHO-
anrapaTHbIE CUCTEMBI, PEITHa3HAYEHHBIE 111 U3MEPEHUS, BEIUUCICHUS U BbIIaYU
DKHUMaXy, U B OOPTOBbIE ABTOMATHUYECKUE CUCTEMbl MH(POPMAIMU O BBICOTHO-
CKOPOCTHBIX TapamMeTpax (BbICOTa, BEpTHUKalbHAs, HWCTUHHAs BO3AYIIHAS |
npuOOpHAask CKOPOCTH, YUCII0O Maxa), a Takke O JAPYrux napamerpax (remmneparypa
BO3/yXa, YIJIbI aTAKH U CKOJIBKCHUS).

I'maBuo#t coctaBHOM uyacthto CBC sBisieTcss BBIYUCIUTENb (CUETHO-
pemaroniee ycTpoictBo). Ha ero BXoa B BHJIE DJJIEKTPUYECKUX CHUTHAJIOB
MOCTYIMAIOT TOJIHOE W CTAaTMYECKOE JaBlieHWe, Temrmeparypa mno nupubopy. B
OOBIYHBIX MEXaHUYECKHX MPHOOpax CBsI3b BBHICOTHI M CKOPOCTH TOJIETA C ATUMU
M3MEPEHHBIMU MapaMeTpaMu YCTAHABIMBACTCS ITyTEM MEXaHUYECKON TPYA0EMKOM


http://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%BE_%D0%9C%D0%B0%D1%85%D0%B0
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U HETOYHOW TPaayupoOBKH NpuUOOpa, TO €CTh PETyJUPOBAHUS JUIMHBI TAT H
Kopombicen B ux Mexanusme. A B CBC Ha ocHoBe moctynuBlied uHboOpMaiu
BBIYHCIIUTENh PACCUUTHIBAET BBICOTY, CKOPOCTh M JAPYIHE BBIXOJHBIE MapamMeTpbl
no OoJsiee TOYHBIM (OpMyJiaM M aJITOPUTMaM C YYETOM B3aMMOCBS3U BXOIHBIX
napameTpoB. C Bbixoga CBC undopmalms nocTymnaer 1 Ha HHIUKATOPbI, U BO BCE
cuctemsl BC, rie ona HeoOxoiuMma.

[TepBbiec CBC umenu ananoropbie Berunciaureaun (Hanpumep, CBC-ITH-15),
a B HACTOsIIEE BPEMS BBIUMCIUTENb MPEACTABISIET COOOH MHMKPOIPOILECCOP,
paboTaromiuii 1o 3aJaHHo# nmporpamme (Hanpumep, CBC-85, CBC-86).
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Puc. 7.13. DaeKTpOHHBIE BEICOTOMEPHI

Pa3BuTre 35IEKTPOHHON TEXHUKH MPUBEIO K TOMY, YTO HE TOJIBKO CHUCTEMBI
BO3/yILIHBIX CUTHAJOB, HO U OTJEJIbHbIE a3pOMETpUUEcKue MpuOOpkI, HApUMeED,
0apoOMETpUYECKH BBICOTOMEp, MPHOOPETN BO3MOXHOCTH BBIMIOJIHATH HOBBIE
dbynkuuu. B cBsizu ¢ xecTkuMu TpeOboBaHUSIMH K TiosieTaM B ycioBusix RVSM nHa
oreyecTBeHHbIX BC cranm ycraHaBiIMBaThbCs Gblcomomep bOapomempuyecKu
anekmpoHubll BEO-2, a 3atrem u ero Oojee coBepiieHHble Moaudukanuu BBO-
CBC, BBD-CBC-IIM. Onum o0mamaioT 0ojee BBICOKOM TOYHOCTBIO M
00€eCeynBaOT IIBETHYIO AIEKTPOHHYIO MHAMKAIMIO BBICOTHI (B METpax uiu (yrax
0 BBIOOPY 3KuMNa)Xa), CUTHAIM3ALMI0 OTKJIOHEHUS OT 3aJaHHOW BBICOTHI,
npeaynpexjaenue o cHwkeHun Hmwke 1000 M, Bbgady uHGOpMaIMH
NOTpEeOUTENSIM, MPOTPAMMUPOBAHUE W BBOJ adPOJMHAMMYECKHX IMONPABOK H
pelieHne MHOTUX Jpyrux 3aaad. Takum oOpa3om, Jaxe BBICOTOMEpP B Ipoliecce
CBOET0 pa3BUTHs Ha Oa3e COBPEMEHHON aBUOHUKH MIPUOOPEN HEKOTOPbIe (PYHKITUN
CUCTEMBbI BO3AYIIHBIX CUTHANIOB (puc. 7.13).
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8. METOJbI CYMCJIEHUSA IIYTHU

8.1. IlousiTHE 0 CUHCTICHUH

[Ipu BbINOJIHEHUU JIOOOTO TOJETA WIEHBI JIETHOTO JKMIIAXKa JIOJKHBI B
JAr000 MOMEHT BPEMEHHU 3HaTh TeKyllee mecToHaxoxaeHue BC. Onpenenenune
MecTa camoJieTa — OJIHa M3 OCHOBHBIX 3a/1ad a’poHaBuranuu. Ee pemenue
IIO3BOJIAET KOHTPOJIMPOBATH ITPABUIIBHOCTD BBINIOJHEHHUS M10JIETA, TO €CTh CTEIIEHb
COBMaJieHUsI  (PaKTUYECKOW JHMHUM TyTH ¢ 3agaHHOW. llpu oOHapyxeHHH
YKJIOHEHUS BBINOJHAETCA ncnpaBiaenue nytu — BeiBo BC na JI3II.

B a»spoHaBuranuyM mnpuUMEHsSIETCS OOJIBIIOE KOJUYECTBO TEXHHUUECKUX
CPEIICTB M METOJOB WX HUcHoJib3oBaHus i onpenenenus MC. Bece oHn moryr
OBITh pa3/ieleHbl Ha BE OOJIbIINE U MPUHIUIHAIBHBIE TPYIITBI METOIOB.

K nepeou ecpynne, KOTOPYXO HAa3bpIBalOT METOJAMHU  ONPEIEICHUSA
aOCOJIIOTHBIX KOOpJMHAT, OTHOCAT Takue, kornga MC ompenensercs MyTeM €ro
«IPUBSA3KMW» K OOBEKTaM C€ M3BECTHBIM MECTOIOJIO)KEHUEM Ha 3€MHOMU
NOBEPXHOCTU. DTO camas Oompiias rpynmna. K Hell oTHOcsATCs, Hampumep, Bce
METOABl paauoHaBuranuu, korga MC onpenensercs OTHOCUTEIBHO HAa3€MHBIX
paguoMaskoB (IO mMeJIeHraM, JaJbHOCTAM H  T.4.). Croga Ke OTHOCUTCSA
onpenenearie MC 1o CHyTHHKOBOW HaBUTAalIMOHHON cUCTEME. XOTs CITyTHUKH
HaxoJsATCA HE Ha 3emiie, a B KOCMOCE, HO B JIFOOOH MOMEHT MX MECTOMNOJIOKEHHE
OTHOCHUTENBHO 3€MJIM HU3BECTHO. K 3TOM K€ TpyIIe OTHOCATCA W METOMABI
BU3yaJIbHOM OPHUEHTHPOBKM, Koraa mwioT omnpenenser MC Mo OTHOLIEHHIO K
HaOMoaeMblM  Ha 3eMile  BU3yaldbHbIM opueHtupam. Koopaunatet MC,
NOJIy4YEHHbIE Ha OCHOBAaHUM HWH(OpPMAUUMU OT TMEPEUYUCICHHBIX BHEIIHUX
VMCTOYHUKOB HAaBUTallMOHHOW MH(pOpMAaIMK, HA3bIBAIOTCS aOCOMIOTHBIMH, TaK Kak
YKECTKO CBSA3aHBI C 36MJIEM U HE 3aBUCAT HU OT PEKHUMa I10JIETA, HU OT JAJIbHOCTU U
IIPOJOJKUTEIBHOCTH II0JIETA 10 MOMEHTa onpeneneHus MC.

HenocrarkomM MHOTMX METOAOB IIEPBOM TPYIIIBI SBIAETCS TO, YTO OHU
103BOJIAIOT omnpeaesarb MC TOIbKO TUCKPETHO, TO €CTh HE HENPEPBIBHO, a 4epe3
ONPENEIICHHbIE MHTEpBalbl BpeMeHU. Hampumep, NHIOT HE MOXKET KaKIYIO
CEeKYHIly IpPOKJIAAbIBaThb Ha KapTe€ IEJIEHI U JNAIBHOCTh OT PAaaAMOMasika I
onpenenennst MC.

Jlns mostydeHuss HempepblBHOM uHpopMmanuu o MecToHaxoxaeHuu BC
UCIIOJIB3YIOTCSL Memoobl 6MOPOL 2Pynnbl, C MOMOIIBI0 KOTOPBIX ONPEAEIAIOTCS
OTHOCHUTENbHBIE KOOPAUHATHI. OHM OTCUUTBHIBAIOTCS OT MOCJIEIHETO HW3BECTHOTO
MC, nmoay4eHHOro OZHUM M3 METOAOB IEPBOW TPYyHIIbl. [[eCTBUTENBHO, €CIH,
HarpuMep, H3BECTHO, 4YTO B ompenesieHHbld MoMeHT BC mnponereno Han
HACEJICHHBIM ITYHKTOM benkuHO, a 3aTeM JABUTanoch B M3BECTHOM HAIPaBJIEHUHU C
U3BECTHOM CKOPOCTBIO, TO MOXHO MPOCTO paccuumams MecToHaxoxaenue BC n
yepes JecAThb, U 4epe3 ABaAuaTh MUHYT nosieTa. B 3TOM M 3akiroyaercs CyTh
METOJ/IOB BTOPOU I'PYIIIIbI, KOTOPBIE HAa3bIBAKOT MEMOOAMU CUUCTEHUS NYMU.
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Cuucnenue nymu — memoowvl onpeoenenusi KOOpOuHam mecma camosemad,
OCHOBAHHblE HA UHDOPMAYUU O HAYATLHOM Mecme camonema u uHgpopmayuu o
HABUSAYUOHHBIX DJIeMEHMAX OBUNCEHUS.

Takum o0pa3om, IJIsi CUMCIIEHUS HEOOXOJUMO 3HATh, BO-TiepBbiXx, MC B
KaKOi-TO MOMEHT BpPEMEHH, a BO-BTOPBIX, KakUM OOpa3oM OHO IOCJE 3TOTO
nepemenianiock. Hanpumep, kakoBa Obls1a IyTeBasi CKOPOCTh, KYpC, YTOJ CHOCa U
T.IL

[Ipu cuucieHun Mo CyTH pacCUMTHIBAIOTCA HE caMu koopauHatel BC, a ux
npupanieHue C TEUYEHHEM BpPEMEHHM K HaYaJlbHBIM 3HAYEHUSIM KOOpJWHAT.
Koopnuuatel Tekymiero MC kak Obl COXpaHSAIOTCS B IPOCTPAHCTBE M BPEMEHU
MEXIy MOMEHTAMH OIpEAeNIeHHs] aOCOMOTHBIX KoopAuHAT. TOYHO Tak ke, Kak
OOBIYHBIE YacChl BOBCE HE H3MEPSIIOT BpeMsS U HE MOTYT CaMOCTOSITENBHO
OMpeNeNuTh, YTO ceiluac, Hampumep, 17.26. OHU OTCUMUTHIBAIOT MPHUPALICHHUE K
TOMY Ha4yaJbHOMY BpPEMEHH, KOTOpPO€ Ha HUX OBLIO BBICTABICHO, U IMOITOMY
MOKA3bIBAIOT TEKYIIEE BPEMSI.

Koopaunatel, mnoirydeHHbIE C TIOMOINBID CYUCIICHUS, Ha3bIBAIOT
OTHOCHUTEJIbHBIMU, MIOCKOJIbKY OHHM «IIPUBS3aHbD) HE HEMOCPEACTBEHHO K 3eMIIe, a
K HayaldbHbIM KoopauHatam MC, KOTOpbIE ONpEeAeNWSI 3KUMNaxX. A  BeOb 3TU
HaYyaJIbHbIE KOOPJIUHATHI MOTYT OBITh HETOYHBIMH WJIM BOBCE HEMPABUIbHBIMU,
€CJIM MUJIOT, HapuMep, NpUHsT MUpOHOBKY 3a benkuHo. To4yHO Tak ke, Kak U
BpEeMs1, BBICTABJIEHHOE HA YacaX, MOIJIO OKa3aThCsl HEBEPHBIM.

Cuncienne NPOUIEHHOTO NyTH He TpeOdyeT Haluuus BHEIIHEH
uH(popManuu (3a UCKIIIOYEHHEM MH(POPMALIMK O HaYaJIbHOM MECTE CaMoJieTa), TO
€CTh OCYLIECTBIISIETCSI aBTOHOMHO, C TIOMOUIBIO TOJIBKO OOPTOBBIX CPEICTB.

XapakTepHOl OCOOEHHOCTBHIO CUHUCIEHMS SIBISIETCA TO, YTO OHO JOJDKHO
BBINIOJIHATHCSI B TEUCHHE TOJIETa HENpepbhIBHO. EciiM OHO MpeKkpaTuioch, TO s
€ro Bo300HOBJICHUS MPUJIETCS CHOBA OMPENETSATh TEKYIIUE KOOPIUHATHI, KOTOPHIE
CTaHyT HAYaJIbHBIMU JJIsI IPOJOJKEHUS! CUUCIICHUS

Hpyroii BaxXHOM OCOOEHHOCTBIO CUMCIICHHS SIBISIETCS HAKOIUICHHE
MOTPEIIHOCTEN OMNpEAEIEHUsI CUUCICHHBIX KOOpAMHAT. Benp HaBUralMoOHHbBIE
AJIEMEHTHI ABMKCHUS (HarpuMep, Kypc, CKOPOCTh), IO KOTOPHIM PACCUUTHIBAIOTCS
KOOPAMHATHI, HUKOT/Ia HE SIBJIIOTCA COBEPIICHHO TOYHBIMU. [lorpemmHoctu ux
ONpe/IeJICHUs] MPUBOAAT K TOMY, YTO 4eM aojbiue jetuT BC, TeM MeHee TOYHO
ONPENEIAOTCSA CYUCICHHBIE KOOPAUHATHI.

Cuucnenne nytu (Dead Reckoning, DR) sBisercs OIHUM M3 CaMbIX
npeBHUX MeTo/0B HaBuranuu. Eme Komym0 nucan: «CyacTiMB TOT, KTO ¢ HUM
3HaKOM». B MOpCKOW HaBUTALMM €ro Ha3bIBAIOT «MHCbMEHHBIM CUHCIIEHUEM),
IIOCKOJIBKY € JPEBHUX BPEMEH OHO OCYLIECTBIBSUIOCh IIYTEM pacueToB U
rpaguueckux  MOCTPOEHUMH  JHMHMM TNyTH Ha  Kapte. Takod  merTon
HEaBTOMATU3UPOBAHHOTO CUMCIICHUS MPHUMEHSAETCS WU B a’pPOHABUTALlUU U
HA3bIBACTCS MPOKIAOKOU JAUHUU @akmudecko2o nymu. Pa3nmuyaioT MoNHYyIO,
MITHJICBYIO U OOPATHYIO MPOKIAIKH.

Ha coBpemennsix BC cuncienue myTH OCYIIECTBISIETCS aBTOMATUYECKH C
IIOMOLIBIO  ABMOMAMUBUPOBAHHBIX CUCEM CYUCAEHUA Nymu, KOTOPbIE MOIYT
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SIBIISITHCS COCTAaBHOM YaCThIO 60pTOBOFO IMUJIOTAXHO-HaBUTAaIITHOHHOI'O KOMIIJICKCA.
B 3aBucumoctu ot TOTr0, KaKM€ MMCHHO HaBHUTAIIMUOHHBLIC JJICMCHTBI JBUKCHMA
HCITOJIB3YIOTCA I CHUCIICHUA, pa3JIndalOT KyPCOAOINICPOBCKOC, KYPCOBO3AYIITHOC
N MHCPUHUAJIBbHOC CYHUCIICHUC ITYTH.

8.2. I'pa¢mueckoe cunciieHne myTH

Ilonnaa npoxnaoka. llenpr0 MOTHOW MPOKIAIAKU SIBJISIETCS ONMPEACICHUE
tekymero MC U mo3ToMy OHa, KOHEYHO, BBIMOJIHSIETCS BO Bpemsi moJieta. He
cleayeT JayMaTh, 4TO B KaXJOM TMOJIET€ MOWIOT WIM IITYpMaH BBINOJIHSIET
MPOKIANKy. B 3TOM HET HEOOXOAMMOCTH, TOCKOJIbKY B TPa)KTAaHCKON aBHAITUU
MOJIETHI BBIMONHSAOTCA 1O TpaccaM, U BC, kak npaBuio, Haxoautces BOnu3u JI3I1.
A BenmunHa ykiaoHeHus ot JI3I, ocTaBieecs U npoiieHHOE pacCTOSHUE, APYTHE
HEO0OXOAMMBbIE ISl HABUTAIIUU MTapaMeTPhl OMPEAEIIIIOTCS 0oJiee MPOCTO U OBICTPO
C IOMOIIBIO PA3JINYHBIX TEXHUYECKUX CPEICTB.

HeoO6xoauMocTh  BBIMIOJHEHUS TMPOKJIAJAKA MOXKET BO3HUKHYTH IIPH
CYIIIECTBEHHOM OTKJIOHEHUU OT 33JJaHHOTO MaplipyTa, HampuMmep, Mpu 00Xojie 30H
IPO30BOM IESITEIBHOCTH, a TAK¥KE MPU MPOBEICHUH A3POCHEMKHU.

O TtoM, uro HeoOXoaUMO OyAeT BBIIOJIHUTH MPOKIAAKY, HYKHO
1M03a00TUTHCS 3apaHee. B MOMEHT mpojeTa JOCTOBEPHO OMO3HAHHOIO OPUEHTHpPA
(Ha4aJibHOTO TMYyHKTa CYHUCIEHUS) HEOOXOAMMO 3amucartb B IMITYPMaHCKOM
OOpTOBOM JKypHajie BpeMs, KypC, IMyTEBYIO CKOPOCTbh M YTroJ CHOca. OJTU XKe
BEJIMYMHBI (UKCUPYIOTCA B IITYPMAaHCKOM OOpPTOBOM >KypHajie MpU KakKIOM
M3MEHEeHUH Kypca. Takue 3amucu MOTYT BBINISACTh, HAlpUMEp, CICAYIOIIUM
obOpazom:

17.42. BanoBka, MK=123 , W=420, YC=—4

17.56. MK=86, W=390, YC=-2

18.07. MK=99, W=410, YC=-1

U T.J.

[To »TuM paHHBIM MOXHO omnpeAenuTs Tekymee MC, Hanpumep, s
MOMEHTa BpemeHu 18.24.

XKenarenbHo, 4TOOBI KypC Ha Ka)JOM TaKOM Yy4acTKe IOJIeTa, TO €CTh, OT
OJIHOTO MU3MEHEHUS Kypca /10 APYroro, ObLI MOCTOSHHBIM. ECiin e OH HECKOIbKO
MEHSIETCSI, TO CIIEIYET UCIOJIb30BATh €r0 CPEIHEE 3HAUCHUE. DTO KE OTHOCUTCS K
MyTEBOM CKOPOCTA MW YIJIy CHOCA, KOTOPBIE TAaKKE€ MOTYT MEHSIThCS H3-3a
M3MEHEHUS BETPA. YTOJ CHOCA U ITyTEBasi CKOPOCTh HA KaXKJIOM YYaCTKE MapuipyTa
MOTYT U3MEPATHCS WIH PACCUYUTHIBATHCS MO U3BECTHOMY BETPY.

[TonHas mpokJagKa 3aKIIOYAETCS B TOM, YTOOBI MPOJIOKHUTH Ha TOJETHOM
kapre JIDII g kaxaoro ydactka mosera, HauuMHas OT HAdaJlbHOTO MyHKTa. B
MIPUBENCHHOM IIPUMEPE 3TUM IIYHKTOM siBisieTcsl FIBaHOBKa.

JIisi TpoKJIaZKK Ha KapTe KaXJAOoro ydacTka HEO0OXOJAMMO 3HAaTh €ro
HampaBieHue u JumHy. HampaBnenue JIDII xapakrtepusyercs ¢GaKTHUECKUM
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nmyTeBbIM yriioM. Ha kapTre MOXKHO OTKJIaAbIBATH YTJIBI TOJIBKO OT MCTUHHOTO
(reorpaduueckoro) MepuaMana, MOCKOJIbKY HMEHHO 3TH MEpPHIMaHbl HAHECEHBI Ha
kapte. CieaoBaTeabHO, I KaXI0TO ydacTKa Heooxoaumo ompeaenuts OUITY. B
COOTBETCTBUM C HAaBUTAIMOHHBIM TPEYTOJIbHUKOM CKOPOCTEH M MpaBUJIOM y4eTa
MOIPABOK:

OUITY=OMITY+AM=MK+VYC+AM,
WJIH, 9TO TO 7K€ CaMOE:

OUITY=UK+YC=MK+AM+YC.

BC nBmXeTcst OTHOCUTENBHO 3€MJIM C MYTEBOW CKOPOCTHIO, CIIEI0BATENBHO,
paccTosiHue, MPONJIEHHOE HA KaXK/IOM YYacTKE, MOKHO PACCUUTATh KakK:

S=Wt.

Ha npakTtuke 310T pacyeT BeinosnHseTcs ¢ nomoniso HJI-10M.

HeoOxomumoe muist pacdera HyTEBOrO yrila MarHUTHOE CKJIoHeHue AM
MOKHO OIpeAeNuTh Mo KapTe. Ha kaXmoM ydacTKe OHO TakKe MOXKET ObITh
paznnuHbiM. Eciim Ha mpoTsbkeHun ydactka AM CyIIECTBEHHO HM3MEHSETCS, TO
CJIEAyeT UCIIOJIb30BaTh €0 CPEIHEE 3HAUCHHUE.

[IpuBenennsie Boie Gpopmyinsl 111 OUITY ncnonas3yoTes B TE€X Ciydasx,
KOI'/Ia JIJIs1 pacyeTa MpUMEHSAETCS MarHUTHBIN Kypc. Eciu e B 60pTOBOM KypHaie
MAJIOT 3AIMCHIBAI OPTOIAPOMHUYECKHUM KypC, TO JUIS NIEPEX0/ia K NICTHHHOMY KypCy
HEO0OXO0IMMO UCIOJIL30BaTh He AM, a a3uMyTaIbHYIO MOMPABKY:

OUITY=0K—- AA+YC.

C MOMOIIIBIO PACCUYNTAHHBIX BEIWYHMH Ha KapTe mpokiaasiBaetcs JIDIT (puc.
8.1). IonyuenHnoe B pe3ynbrare nporiaaku MC (KOHEYHYIO TOYKY IMOCIICIHETO
ydacTka) TPHUHATO 0003HA4YaTh KBAJAPATUKOM, BO3JIE KOTOPOTO  MHIIYT
COOTBETCTBYIOILIEE BPEMS.

JlaHHBIN BUJ MPOKJIAIKU HA3bIBAETCA HOJIHOU TPOKIAAKOM, MOTOMY YTO Ha
KaXJIOM Y4YaCTKE YUYHUTBIBACTCS BETEP — B BUJEC YIJla CHOCA U IIYTEBOU CKOPOCTH.
KoneuHo, Bce HCHONB3yEMBIE Ui NPOKIAAKMA BEIUYUHBI  ONPENECIEHBI HE
abCOJIIOTHO TOYHO, a ¢ morpemHoctssMu. Ho B mpuHIMne, ecnu Obl OHU ObLIH
ONpENENIEHBl TOYHO, TO IIPOJIOKEHHAsI Ha KapTe JIMHHUS JEHUCTBUTEIBHO
npejicTaBisyia Obl COOOM JHMHHUIO (PAKTUYECKOTO MYTH, TO €CTh JMHUIO, HaJ
KOTOpOM mpoJieren camodieT. [lonHas nmpokiianka gaeT HariasgHOE NPeACTaBICHUE
o (akTueckom nepemenieHud BC OTHOCUTENIBHO MOBEPXHOCTH 3€MJIM, U HKHUITAXK
Opu 5TOM HE TOJBKO B JIIOOOH MOMEHT BPEMEHHM 3HAeT CBOE TeKyIlee
MECTONOJIO)KEHHE, HO W MOXET NporHosuposarb mnepememienne BC B
MPEIINONIOKEHNM O HEU3MEHHOCTH I1apaMeTpOB BETpa M HABUTALMOHHBIX
AJIEMEHTOB I10JIETA.
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Puc. 8.1. IlosHas npokiiaaka

IlImunesaa npoxnadka. HenocTaTkoM NOJHOW NPOKIAIAKU SIBIIETCS TO,
4YTO Ha KaXXJIOM y4acTKe HeoOX0IuMO (PUKCHUPOBATH B IITYPMAaHCKOM OOPTOBOM
KypHajie MHOTO BEJIMYMH — HE TOJBKO BpPEMS M KypC, HO M MYTEBYIO CKOPOCTb,
yroa CHOCa, KOTOpbl€ HEOOXOAUMO HM3MEpPUTh WJIM PACCUMUTATh ISl KaXKJI0TrO
ydactka. Ha 370 y skunaxa noadac mpocTo HET BPEMEHH, HapUMep, MpU 00Xo/1e
rpo3. B arom ciiyyae MoxeT ObITh BBINOJHEHA IUTUIEBas npokiaaka. llpu ee
BBINIOJIHEHUU Ha KAPTy HAHOCUTCS JIUHUSL NYMU 8030VUIHO20 CYOHA OMHOCUMENLHO
6030yxa, TO €cTb 0€3 yuera ero nepeMenieHus BMECTe C BO3AYIIHBIMH MaccaMu,
KakK Obl B IITHJIb. DTO CYIIECTBEHHO YIPOLIAET pacyerT.

JUIsL TIPOKJIAIKM HPUMEHSIOTCS CPEAHME KYpChbl M CPEIHHME 3HAYCHHS
MCTUHHOM BO3AYLIHOW CKOpocTH. HaumHaeTcs mTuieBas MNPOKIAAKA, KAaK U
IIOJIHAsL, C TOCJIEIHETO JOCTOBEPHO OMO3HAHHOTO OpueHTupa, npoineHHoro BC.
Jl51s ee BBINOJHEHUS B OOPTKypHajie HEOOXOJUMO 3allUChIBaTh BPEMs U Kypc MpHU
KQ)KJIOM €r0 U3MEHEHHNH, HallpuMep:

23.45. IlonoBka, MK=131
00.02 MK=154

00.28 MK=182

U T.J.

IIpu orcyrcTBHMM BeTpa IIyT€BOM yroJl paBeH KypCy, a IIyTeBas CKOPOCTb
paBHa UCTUHHOMW, [IO3TOMY JUIsl K&XKJIOT0 y4acTKa paCCYUTHIBAIOTCS:

NK=MK+AM nm NUK=0K — AA;
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S=Vit.

Ilo PaCCYUTAHHBIM 3HAUYCHUAM HaA KApTC IMPOKIAABIBACTCA JTUHUA ITYTU (pI/IC.
8.2).

Cu Cu Cwu Cwu

Puc. 8.2. IllTuneBas npoknaaka

Touka, mojgydeHHass B KOHUE IOCIEIHEro ydactka, coorsercrByer MC, B
KOTOPOM Haxooujcsi Obl CaMOJIET, €clii Obl U Ha CaMOM JIeJIe€ BETEep OTCYTCTBOBAJL.
JTo mTUiIeBoe Mecto camoiaera. Ho Ha caMoM nene BeTep IMpakTHYECKH BCerna
umeetcs, U mTwiesoe MC BOBCE HE COOTBETCTBYET (DaKTHMUECKOMY, KOTOpOE
HEO0OXO0IMMO TUJIOTY.

[Tpoknanka Ha3bIBAETCS «ILTUIIEBO», HO 3TO BOBCE HE O3HAYAET, YTO BETEP
HE Y4YUThIBaeTCs. BiusiHue BeTpa y4YUTHIBAETCS, HO HE HAa KaXKJIOM YYacTKe, a B
caMOM KOHIIE MPOKJIAJKU U Cpa3y 3a BCE BpEMs IMOJIETA.

Berep — 3TO ropu3oHTaIpHOE NEPEMEIIECHHE BO3AYIIHOW MAacchl. 3a BCE
BpeMs MO0JIETa OT HAYaJdbHOM TOYKM CUMCIEHHUS O KOHEYHOM BO3AylLIHAash macca
nepeMenanach BMECTE C CaMOJIETOM B HalpaBJIEeHUH BETpa CO CKOPOCThIo BeTpa U.
HetpynHo paccuurtaTh, Ha KakO€ PacCTOSIHME S, OHAa OTHECIa CaMoJjeT OT
mrtriiesoro MC:

SomH: U t06u4;

rae t,s, - CyMMapHOE BpeMs I0JIETA [0 Y4aCTKaM, KOTOPOE JIETKO ONPENENIUTb 110
3amucsM B OOpTKypHAJIE.

HampaBnenue mnepemenieHuss BO3AYITHOW MacChl — 3TO HABUTAIIMOHHOE
HarpasjeHue BeTpa. Ho s mpokiaaku Ha KapTe OHO JIOJDKHO OBITh OTCYMTAHO OT
WUCTUHHOTO MEPHINaHA;
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0,,= 0 x180°,  wumm 0, y= 0y, TA4M,

rae o,, 4 0,, — HaBUTAIMOHHOE HarpaBjeHue (Kyaa AyeT BeTep), OTCUUTAHHOE
COOTBETCTBEHHO OT UCTUHHOTO U MAarHUTHOTO MEPHUIMAHOB,

AM — cpenHee 3Ha4YEHUE MAarHUTHOTO CKJIOHEHHUSI B pailOHE MOJIETA.

Takum oOpazom, it nonydeHus: paktuyeckoro MC He0oOXOAUMO CMECTUTh
mruneBoe MC B HallpaBJICHUU BETPa HA BEIHUUHY Sy

[IpososkeHHass TpW IUTWJIEBOM MPOKJIAJAKE JUHUS HAa KapTe (CIUIONIHAs
JUHUS, CM. pHC. 8.2) BOBCE HE sBIACTCS JUHUEH (pakThyeckoro mytu. OHa Obuia
OBl TAKOBOW TOJIBKO IPU OTCYTCTBUM BeTpa. Ha camom ke jiene BeTep BIMSUI Ha
TPAeKTOPHIO MoJieTa Ha KaxaoM ydactke U JIDII Obuta coBcem npyroit (cM. puc.
8.2, mokazaHa MYHKTHPOM). DTO OCHOBHOH HEIOCTAaTOK IITUJIIEBOM MPOKIAIKH,
KOTOPBIM 3aTpyAHSET BEACHHWE OpPUECHTHPOBKM IYTEM CIUYEHUS KapTbl C
npojieTaeMoil MecTHOCThIO. IlITHiieBas mpoxiaaka SBISETCS MEHEe TOYHOM, 4eM
MIOJIHAs, HO 3aTO OHA MOXET OBITh BBINIOJIHEHA 00JIee ONEepPaTUBHO.

Oopamnaa npoknadka. B oTivyve OT TMOJHONW W IITHUJIECBOM MPOKIAJIOK,
oOpaTHas NpPOKJIaJKa HMMEET LENbI0 BOBCE HE OMNpPENEICHHE MecTa CaMOJIETa.
HaoOopot, mis ee BeimonHeHus MC yxke NOMKHO ObITh W3BecTHO. OOpaTHas
MPOKJIAaJIKa TPUMEHSCTCA O/l YMOUHEHUs JUHUU GaKkmuyeckoeo nymu Hnocjie
8bINOJIHEHUS NOIemd.

[Ipy BBINOJIHEHUH HEKOTOPBIX BHJIOB ABHALMOHHBIX PabOT HEOOXOAMMO HE
TOJNBKO 3HaTh Tekyumiee MC, HO M BO3MOXHO TOYHEE 3HATh (DAKTUUYECKYIO
TpaeKkTopuro mnoznera. [Ipumepamu ABISAIOTCS MOJETHI HA JIEAOBYIO PAa3BEIKY B
OKE€aHE WJIM NMaTpyJupoBaHue N0 0OOHAPYKEHUIO JECHBIX MoXkapoB. [Ipu nonerax B
MaJIOOPUEHTUPHOM MECTHOCTH, KOTJa HET BO3MOXKHOCTH OINPENEINUTh CBOE
MECTOIIOJIOKEHHE C MMOMOLIBIO PaJIMOHABUTALIMOHHBIX CPEJCTB, SKUMAKEM OOBIYHO
BEJETCSl TOJHAs IMpokiaanaka mnyTd. Haxoxsdmuecs Ha OOpTy CHELHUATUCTbI
(GUKCHPYIOT Ha CBOMX KapTaxX pacIoJIOKEHHE JICJOBBIX MOJEH WM MOXKapoB,
OCHOBBIBasICh Ha HH(OPMaLIUK 0 MeCTOHax0xaeHuH BC, mosyueHHo OT sKHUmaxa.
WNuaye roBopsi, OHU MPUBS3BHIBAIOT O0OHapykeHHBbIE 00BEKTHI K JIDII, momyueHnHoit
IIPY TOJIHOW MPOKIAIKE.

Ho mo0ast mpoxiazka COMPOBOXAAETCA MOTPEHIHOCTAMU. YeM JoJiblie
BBITIOJIHAETCS TOJIET, TEM MEHEE TOYHOW CTAaHOBHUTCS NPOJIOKEHHAs Ha Kapre
JI®II, a, 3HauuT, MEHEE TOYHBIMU CTAHOBATCA KOOPJMHATHI OOHAPYXEHHBIX
crenuaiicTaMmm OObEKTOB.

[Ipennosio’xkum, 4TO TOCIE€ OKOHYaHMS JieoBOM pas3Benku BC Bwiuio Ha
OeperoByro 4epTy M HSKUNax BuzyainbHO omnpegenus (aktuueckoe MC. Ho
CUMCJIIEHHOE MECTO CaMoOJIeTa I 3TOr0 K€ MOMEHTa BPEMEHH ITOIYYUJIOCh
coBceM Jipyroe (puc. 8.3).



Puc. 8.3. ObparHnas npokianka

Paccrosinne mexnay daxktuueckum U cuucieHHbIM MC Ha3bIBaeTCs HegsA3KoU
JUHUHA TyTH 4S. DTO M ecTh MOrpemHocTs onpezaenenus cuncieHnoro MC. Ho
OHA MOSBUJIACh HE BHE3AIHO, a HapacTaja IMOCTENEHHO Ha MPOTSKEHHH BCETO
nosiera. CleoBaTeIbHO, HE TOJBKO IOCIEIHEE CUUCIEHHOE MECTO SIBISETCS
HETOYHBIM, HO M KaXKJas TOYKa MpoJIokeHHOU Ha KapTe JIDII.

OOparHasi MOpoOKJIagKka OCHOBaHAa Ha MPOMOPLIUOHAIBHOM paclpeneIeHUn
OOHapy>KEHHOTO B KOHIIE MOJIeTa YKJIOHEHHUs (HEBSI3KHM) BIOJIb BCETO MapuUIpyTa.
[Ipu ee BimomHeHUN Kaxaas Touka JIDII, B kKoTOpoil U3MEHSIICS KypC, CMEIIAETCS
B Ty Xe cTopoHy, B KoTopyto MC, orcrour or MC., Ha Benuuuny AS;,
IIPONIOPIIMOHAJIBHYI0 BPEMEHHU IOJIeTa J0 3TOW TOouku. Hampumep, ecim Bpems
noJieTa 10 MepBOro pa3zBoOpOTa COCTABIISIIO OJHY TPETh OT OOILEro BPEMEHHU, TO U
TOYKa II€PBOrO pa3BOpOTa CMEIIAETCA Ha OJHY TpeThb HeBsI3ku. CoeauHuB
CMEIICHHbIE TOYKH, ToiyuuM ytouHeHHyto JIDIT (cm. pwuc.8.3, mnokazana
MYHKTUPOM).

[locne BBINOJHEHUS TOJHON MPOKIAJAKU THUAPOJIOTH WU TMOXKApPHBIE MOTYT
YTOYHUTh MECTOMOJIOKEHUE OOHAPYKEHHBIX UMH OOBEKTOB.

8.3. JlomjiepoBCKUil U3MeEPUTEIb CKOPOCTH U CHOCA

[TonbITKA aBTOMATU3UPOBATH CUUCICHHUE MYTH MNPEANPUHUMAINCH €IIE 0
BTOpPOW MHUPOBOW BOWHBEL. [lepBbie ycTpoicTBa Takoro poxaa (Kypcorpaduni)
MPEACTABISLIA COOOM TUIAHINIET ¢ KapTOM, HA KOTOPOW MEpO CaMOMUCIIa PUCOBAJIO
yepHuUIaMu JuHUIO myTu. [lepemeienne nepa 3aBuceno ot ckopoctu BC u ero
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Kypca. IlockonbKky B TO BpeMs TEXHHMYECKHMX CPEICTB i1 ydeTa BEeTpa He
CYILECTBOBAJIO, CKOPOCTh JJIsi CUMCJIEHMsI MCIOJIb30Bajach MPUOOpHAs, a Kype —
KOMIacHbIM. JTO ObljIa MO CYyTH LITHJIEBAs MIPOKJIAIKA, BBIIIOJIHEHHAS 110 JIOBOJIBHO
HETOYHBIM JIaHHBIM, TaK KakK yKa3aTeJld CKOPOCTH M KOMIIaChl B TO BpeMs ObLIN
HecoBepIIeHHbIMU. CHTyalus CyIIECTBEHHO M3MEHWJIACH JIMIIL C TOSIBICHUEM B
60-e roapl JOMIIEPOBCKUX U3MEPUTENICH CKOPOCTH U CHOCA.

Honneposckuii usmepumens cxkopocmu u cHoca (H{UCC) — OGoproBoe
PaAMOTEXHUYECKOE YCTPOICTBO, MO3BoJIsiomIee u3MepsTh Ha Oopty BC ero
IyTEBYIO CKOPOCTh U yroJ CHOCA.

JIMCC ocHoBaH Ha HCMONBb30BaHUHM 3P (HEKTa, OTKPHITOrO aBCTPHICKUM
¢uszukom X.JJormurepom (C.Doppler) B 1842 r. Dddekr 3akimogaeTcss B TOM, 4YTO
€CJIM MCTOYHUK M3JIYyYEHUS BOJH JABWKETCS IO HANPABICHUIO K MPUEMHHUKY, TO
NPUEMHUK BOCHPUHHUMAET YacTOTy OOJIbIIIE, YeM 4YacTOTa M3TydyaeMmasi Ha camOM
nene. Y1 HaoOOpOT, €ciaM HMCTOYHUK YJAJSEeTCsl, TO NMPUHMUMAaeMas HNPUEMHHUKOM
4acTOTa MEHbIIE U3TydaeMou. DTOT 3(h(EeKT crnpaBenauB Il JTIOObIX BOJHOBBIX
IIPOLIECCOB: MIEKTPOMAarHUTHOTO U3JIy4E€HHS, B TOM YHUCIIE U CBETOBOTI'O, 3BYKOBBIX
BOJIH U T.J.

JIICC sBasieTcst aBTOHOMHBIM YCTPONCTBOM, TO €CTh HE TPEOYyeT JIsl CBOEH
paboOThl YCTAHOBKM Kakoro-inbo obopynoBaHusi Ha 3emsie. OCHOBHBIMU
COCTaBHBIMH YacTsIMU OOpTOBOro O0OOpYAOBaHUS SBJISIOTCA IHEepelaTiuk |
NPUEMHUK C aHTEHHAMH, BBIUYHUCIUTEIBHOE YCTPOIMCTBO W IYJIbTHI YNPABICHUS U
uHauKauuy. Ilepenaryuk yepe3 aHTEHHY M3JIydaeT PaJHOBOJIHBI CBEPXBBICOKOM
yacToThl (mopsiaka 9-13 I'Tn), HO He BO BCE CTOPOHBI, & MO TPEM WIIM YETHIPEM
y3KOHAINpaBJIE€HHbIM JiydaM. (COOTBETCTBEHHO pa3jMYalOT TPEXJIy4eBble U
yeTsipexityueBbie [JUCC. Jlyun HaKJIOHEHBI K 3€MJIE U PACIIOJIOKEHBI MO YIJIOM
Kk npononsHOoM ocu BC. VYV uersipexnyudeBoro JIMCC oHu HampaBie€HBI BIIEBO-
BIIEpEI, BIIPaBO-BIIEpe ], BJIEBO-HA3a/l U BIpaBo Ha3axd (puc. 8.4).

Puc. 8.4. Ilpunmun padorsr [JJUCC
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PannoBonHbl, H3My4aeMmble IO 3TUM Jy4daM, OTPaXKarOTCA OT 3E€MHOMN
MTOBEPXHOCTH U IPUHUMAIOTCS IPUEMHUKOM YEPE3 AHTEHHY.

BC nerut Bnepen, cnepenu 3emiid «HaOeraeT» Ha HEro, MOATOMY 4YacToTa
OTPaXXEHHBIX PAJIMOBOJIH IS JIy4yel, HalpaBJIEHHBIX BIHepen, OyaeT OoJibiie
u3iy4aeMon nepegaTdyukoM. COOTBETCTBEHHO Uil JIy4€il, HAIllpaBJICHHBIX Ha3al,
OTpa)K€HHasi YacToTa OyneT MEHbIIEe U3Jy4aeMOW, IOCKOJIbKY OTpakarouas
3€MHasl IOBEPXHOCTh YAAISAETCA, «yXOIUT» OT CAMOJIETA.

Ho BC nBukeTcsi OTHOCUTENIBHO 3€MJIM B HAIlpaBJICHUHM BEKTOpa MYyTEBOM
CKOpPOCTH, KOTOPBII B 00IIIEM cllyyae HE HampaBJieH MO MPO0JILHON OCH camolieTa
u3-3a Hanmuuug yria cHoca. CrenoBatenbHo, BC wumeer eme u OokoBoe
MEPEMENICHHE OTHOCUTEIIBHO CBOEM MPOJOJBHOM OcH. Torga, eciau, Harpumep,
BETEP CHOCUT CaMOJIET BIPABO, TO CIIpaBa 3eMJisi «HaberaeT», a cieBa — yJdaiseTcs
ot camoJgiera. CrieqoBaTeNbHO, IS Jy4yel, HallpaBJI€HHBIX BIPABO, OTPAKECHHAS
yacToTa OyJieT O0JbIIe, YeM JUIsl JIydeid, HallpaBJICHHBIX BIIEBO.

B pesynbrare okas3bIBaeTCs, YTO I KAKIOTO M3 YETHIPEX JIydeld 4acToTa
OTPaXEHHOI'0 CHUTHaja pas3indHa. 1lo WM3MEpeHHBIM 3HAYEHHAM OSTHUX YacTOT
MO>KHO PacCUMTATh IIyTEBYIO CKOPOCTh M YIOJI CHOCA, YTO U JEJIAE€T BBIYMCIIUTEID.

3HaueHus yIjia CHOca U MyTeBON CKOPOCTH OTOOpaxaroTCsl Ha MHIUKATOpax,
KOTOpBbIE MOTYT MUMETh pa3iauuHblii BuA. Ha unnukarope (puc.8.5) yron cHoca
UHAMLHUPYETCS CTPEKOM, a MyTeBasi CKOPOCTh B IU(POBOM BUJIE.

Puc. 8.5. Unaukatop JAMCC

Tounocts JIUCC sBnsercs Boicokoil. [lorpemHocts usmepenus W
cocTasisieT 3-5 kM/4, a yria caoca 0,3...0,5° .

Hns ynpasnenust JIUCC umeercst nynst (puc.8.6). OH npeaHasHayeH s
BKJIFOUEHHUSI YCTPOMCTBA, €ro mpeanoieTHoro koutposs. [lepexntouarens «Cyia-
Mope» B mojieTe yCTaHaBJIMBAECTCS B TOJIOKEHHE, COOTBETCTBYIOIIEE XapaKTepy
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nojcTuiaromeil noepxHoctu. Heo6xonuMocTs 3T0ro oOycioBlieHa pa3iuyleM
XapakTepa OTpPaKEHHOTO CUTHAJIa OT 36MHOM U BOJHON IIOBEPXHOCTH.

-‘%

MOPE  KOHTPI
C‘JIUA Vot )

“KOHTP.2

Puc. 8.6. Ilynet ynpasnenus JMCC

B mHekoropeix curyamusx B mnosere JMCC IepecTaeT BbIIABaTh
uH(popmauoo. JT0 MOXKET MNpou3oiTh mnpu OonbimioM kpeHe BC, korma mywd,
HAIIPaBJICHHBI B CTOPOHY, ITPOTUBOIIOJIOKHYIO KPEHY, IPUIIOAHUMAETCs. B aToM
cllydae TOYKa OTpPa)K€HHUs Jyya OT 3eMJId OyJeT OYeHb JAJIEKO, a OTPaKCHHBIH
CUTHAJ CIUIIKOM CIa0bIM.

Taxke OTpakeHHass paguOBOIHA MOXKET HE BEPHYTHCS IIPU IIOJIETE HAJ
IJIAIKOM BOAHOW IMOBEPXHOCTBIO, KOTA JIyY OTPAKAETCS OT HEE KaK OT 3epKaJIa.

B takux cinyuasx [JUCC nepexomut B pexuM «Ilamsate». Ha nnaukarope
3aropaeTcsi KpacHoe TabJIo ¢ COOTBETCTBYIOIIEH HAJIMCHIO, a 3HAUYEHUS MyTEBOU
CKOPOCTH M yIJIa CHOCA «3aMOPaXMBAIOTCSA», TO €CTh COXPAHSIOTCS TaKUMHU,
KaKMMU OHU OBbUIM B MOMEHT IpomnajgaHus curHaia. [Ilpu nosBieHun oTpaxxeHHOro
CUTHaJa UHAUKALUSA BOCCTAHABINBACTCS.

B rpaxpanckor aBuanun wucnone3yrorcs AWCC pas3nmnyHbIX Mapok.
Haubonee pacnpoctpanennsie JJNMCC-3, JIUCC-013 u npyrue.

8.4. ABTOMaTH3MPOBAHHOE CUMCIEHHE IIYTH

Ilpunyuner asmomamu3upoeanno2o cuyucienus. PaccMoTpuM, KakuM
00pa3oM OCYIIECTBIISICTCS CUMCICHHE KOOPAMHAT B TEX CHCTEMaX, B KOTOPHBIX
M3MEpSEMbIMUA HABUTAIIMOHHBIMU 3JIEMEHTAMM JIBU)KEHUS SABIISIIOTCS ckopocmu BC
(myreBast wnm wuctuHHasg). [loke OymeT paccMoTpeHa W paboTa CHUCTEM,
OCHOBAHHBIX Ha U3BMEPEHUU YCKOPEHUH.

Cuucnenue — 3To pacuem TEKYIIUX KOOPAUHAT, TO3TOMY OCHOBHOM YacCThIO
m000i  aBTOMAaTU3UPOBAHHOM  CHUCTEMBl  CUMCICHMS  MYTH  SIBJISIETCS
HAaBUTAlIMOHHBINM BhIUMCIAUTENIb. OH MOXeT OBITh aHAJOTOBBIM, TO €CTh
OCHOBAaHHBIM Ha  DJJIGKTPOMEXAHWYECKUX  YCTPOMCTBaX, WM HUPPOBHIM
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(kommproTep). Ha BXOa BBIUMCIHMTENS HENPEPHIBHO TMOCTYHAaeT MHQPOPMAIUS OT
JATYUKOB, M3MEPSIONIMX HEOOXOMUMBIC IS CYMCICHUS HABUTALMOHHBIC
3JIEMEHTHI (HampuMep, Kype, yroj CHoca, CKOpocTh). Ha BBIXOJe BBIYMCIUTENS —
CUHCJICHHBIE KOOPJWHATHI, a TakK)Ke, BO3MOXKHO, CKOPOCTH WX W3MEHEHHUS. OTH
BBIXOJIHBIC JTAHHBIC OTOOPAKAIOTCS HA MHAMKATOPAX JJIS SKUIAXKa, & TAKIKE MOTYT
HOCTYIAaTh B OOPTOBYIO CHCTEMY aBTOMATHYECKOTO YIIPABJICHHS ITOJIETOM, KOTOpas
obecnieunBaeT BhImonHEeHHE TojeTa 1o JI3II. B coBpeMeHHBIX HaBUTAIIMOHHBIX
KoMIuieKcax curciaeHHoe MC MOKET 0ToOpaxarbesi TpauuecKu Ha JHCIIIee Ha
CHUHTE3UPOBAHHOW JJICKTPOHHBIM ITyTEM KapTe WJIM Ha aBUAIMOHHOM IUIAHIIETES Ha
dboHe OyMa)KHOM KapThl.

CumcIeHHOE MECTO caMoJieTa XapaKTepU3yeTcs ero KOOpIWHATaMHU,
CIIEZIOBATEIILHO, JIOJDKHA OBITh BRIOpaHA CHCTEMa KOOPIMHAT.

B crcreMax cunciIeHHS ITyTH, OCHOBAaHHBIX Ha WCITOJIb30BAaHUH H3MEPESHHBIX
ckopocteir BC, 00BIYHO MCHONB3YIOTCS OPTOJPOMUYECKHAE CHUCTEMBI KOOPIHMHAT.
HaubGonee wyacto — wyacTHooproapommueckas, cBs3anHas c JI3II yuacTka
mapmpyra. Kak mokazaHo B riaBe 2, OpTOAPOMHYECKHE CHUCTEMBI KOOpJIWHAT —
3TO CHCTEMBbI, 3aJaHHble Ha chepe. OAHAKO B CHCTEMax CUYHUCICHUS IYTH OHU
IPUHUMAOTCS 32 OOBIYHBIC IUIOCKUE JEKAPTOBBI CUCTEMBI KoopauHaT. ToT ¢axr,
YTO MOBEPXHOCTh 3EMJIA MPHU CUYUCICHUH MPUHUMACTCS 3a MJIOCKOCTh, HE BHOCHUT
CYIIICCTBEHHOHW IMOTPENTHOCTH B PACCUUTAHHBIE KOOpIWHATHI, eciu yaaneHue BC
OT OCEH CUCTEMBI KOOPMHAT HE TPEBHIIIACT HECKOJIBKUX COTCH KHJIOMETPOB.

Puc. 8.7. IlpsimoyronbpHas cucteMa KOOpAUHAT

PaccMoTpum abcTpakTHYIO cUCTeMY HpsIMOYTroJjibHbIX koopauHat OXY
(puc. 8.7). Hnga Ttoro, 4ytoObl OHA OTHOCUTEJBHO 3€MJIM 3aHMMajla BIIOJHE
OIIpPE/IEIIEHHOE M0JIOKEHNE, HEOOXOANMO yKa3aTh:
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a) KyJia HalpaBJIEHbI €€ OCH,

0) rne pacroJsiaraeTcsi HayaJlo CHCTEMbl KOOPJAMHAT (TOYKa IMEpEecedeHust
ocell, COOTBETCTBYIOIAs! HYJIEBBIM 3HAUEHUSIM KOOPAMHAT).

JIeCTBUTENBHO, KOOPAWHATHI OJTHOM U TOM K€ TOYKH HA 3€MJIE, B TOM YHCJIE
U caMmoJieTa, OyayT pa3Iu4HbIMH, B 3aBUCUMOCTH OT TOTO, TJI€ HAXOJAUTCS Hayajio
cucTeMsl KoopauHat, B 1lonoBke minu B MUPOHOBKE M Ky/Ja OPUEHTUPOBAHBI OCH
cucTeMbl KoopauHaT. [103ToMy B HaBUTallMOHHBINA BBIYMCINTEND JOJDKHA OBITH
BBeJIeHa HHPOpMAIIHs O TOM, Kakasi cucTeMa KOOpAMHAT BbIOpaHa JijIsl CYUCIICHUS.

Opuenmayusi oceil obecneuusaemcsi nymem 6600a B HaBHUTALWOHHBIN
BBIYMCIIUTEND Y21a KAPmbl.

Veon xapmvr (Bx , YK) — 3TO yroia Mexmay CeBEpHBIM HampaBlICHHEM
MepUJMaHa W HalpaBJICHUEM OJHOM W3 OCell cucteMbl KkoopauHaT. Ecmm
ycTaHOBJIeH, HanmpuMmep, YK=315, To 3T0 o3HayaeT, 4TO rjaBHAs OCb CHUCTEMBbI
KOOpJIMHAT HallpaBJ€Ha Ha CceBepo-3amaj. Bropas och, IMOCKOIBKY CHCTEMA
KOOPJIMHAT IPSIMOYTOJIbHAsL, OPUEHTUPYETCS] aBTOMaTHYECKH.

A BOT pacnonodxcenue nauwana cucmemvl KOOpOUHAM 3a0aemcs nymem
YCmMaHoéKku HauanbHulx koopounam MC. PaccMOTpUM 3TOT BOIPOC YYTh
nojpoOHee.

JlomycTuM, TOYHO 3aJaHO, TIJ€ HWMEHHO Ha 3E€MHOM ITOBEPXHOCTH
pacnonaraercss Hadaso cucteMmbl koopauHat OXY U KyJa HamnpaBl€Hbl €€ OCH.
Torpa mobast Touka, B ToM unciie 1 BC, OyneTr uMeTb BIIOJIHE OIpEEeICHHbIE
KOOPJIMHATHI X,Y.

A MOXHO MOCTynUTh U HaoOopoT. 3amaB YK, MOXKHO MPOCTO MPUIUCATH
uii HasHauuth BC mioOble 3Hauenuss koopauHat X,Y. Ho mpu stom u
pacnoJIoKeHUe Hayaja CUCTEMbI KOOPIUHAT OyJIET OTHO3HAYHO ONPEEIIECHO.

Takum 00pa3om, MmyTeM BBOJA B HABUTAIIMOHHBINA BBIYUCIUTENb KOOPAUHAT
BC B MOMEHT Hayajla CUMCICHUS IHJIOT M 33JaeT PACIHOJIOKEHUE CUCTEMBI
KOOpJIMHAT.

Bnpouem, s caMOro BBIYMCIIMTENS HHUKAKOM CHUCTEMbI KOOPAMHAT HE
cymectByeT. OH IpPOCTO MNPOM3BOAUT BBIYMCIEHUS IO 3aJOKEHHBIM B HETO
QIrOpUTMaM. OTO MUJIOT HHTEPIPETUPYET PE3YyJbTaThl ITUX BBIYMCICHHN Kak
KOOP/IMHATHI.

CHoBa mpuBesneM npumep ¢ oObluHbIMH Yacamu. [lomyctum, Bbl xotute,
yTOOBI Yachl MOKa3bIBaJIM MOCKOBCKOE BpeMs. BpeMsi CyToOK — 3TO HE YTO WHOE,
KaK WHTEpBaJ BPEMEHHM (B 4acaxX, MUHYTaX), KOTOPbIA MPOILLIET 0m HAYaLa CYMOK,
TO €CTh OT TOTO MOMEHTa, KOTJa MO BBIOPAaHHOMY BpPEMEHHU OBbLIO HOJIb YacoB.
MOo>KHO y3HaTh 3HaYEHUE 3TOr0 BPEMEHU (HAMpUMeEp, MO Pajiio), YyCTAHOBUTH €ro
Ha Yacax U CYUTATh, YTO OHU MOKA3bIBAIOT MOCKOBCKOE BPEMHI.

Ho Beap HUYTO He MEIIaeT YCTAHOBUTH HA CBOMX Yacax abCoiomHO 1000e
3HaueHue epemenu, Hanpumep, 11.37. D10 Oynmer o3Hauath, uro Bammm wyackr
YCTaHOBJIEHBI 10 KAKOMY-TO TaKOMY BPEMEHH, B KOTOPOM CYTKHM Hadajauch 11 4
37 muH Ha3zax. COBEPIIEHHO HEBAXXHO, CYLIECTBYET JIM TAaKOE BPEMS B IPHUPOJIE,
NOJIL3YIOTCS JIM TaKUM BpPEMEHEM TI/e-TM00 B MHpE. Bo3moxkHO, 4TO
BBICTaBJIEHHOE BamMu Bpems, ciyyallHO WM NMPEAHAMEPEHHO, COBIAAET C TEM, IO
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KOTOPOMY JKHMBYT, cKaxem, Bo ®pankdypre. Torma Bbel moxere ckazarh, 4TO
Bamm yacel nayT 110 CpeTHEEBPONIEHCKOMY BPEMEHHU.

Ho camum wyacam »s10 Oe3paznuuHo. Yacel (Kak M HaBUTALlMOHHBIN
BBIUMCIIUTENB), IPOCTO OTCUUTHIBAIOT npupaujerue BPEMEHH (KOOPIMHAT) IO
OTHOILIEHUIO K BBICTABJIEHHOMY BpEMEHHU (HaudajibHBIM KoopauHataMm). [losTomy,
Korna Bel ycraHaBnMBaeTe Ha yacaxX 3HAY€HUE BPEMEHM, TE€M caMblM Bbl
olnpezensieTe MOMEHT Hadasla cyTok. Korzna Bel BBoAUTE B BBIYMCIIUTEID 3HAYCHHUS
TeKynux koopauHat BC B kauecTBe HayaJIbHbIX KOOPAMHAT JUIsl CUUCIEHUS, TO
TE€M cambIM BBl 3a1aere, rjae Hax0AUTCS Ha4yaao CUCTEMbI KOOPANHAT.

B MoMmeHT Hauana cuucieHuss Tekylmue koopauHatel BC coBmagaror ¢
HayaJbHBIMU, HO B IIPOLECCE MOJIETa OHU HM3MEHSIOTCA B COOTBETCTBUM C
nepemeniearemM BC. IlepBoe, 4TO AenaeT HaBUTaMOHHBIM BBIYUCIUTEND JUIS
OINpPEIENCHHS TEKYIUX KOOPAUHAT — PacKIaAbIBAET BEKTOp ImyTeBoil ckopoct W
Ha cocraBisitome Wy m W, 1o ocsM BBIOpaHHOW CHUCTeMBI KOOpAMHAT. Jlis
TOr0 €My HeoO0XOAMMO 3HaThb MOAYJb U HampaBieHue BekTtopa W, a Taxke
HaIpaBJICHUE OCEH.

Terepp, KOrga U3BECTHA CKOPOCTH BJIOJIb KAXKIOWU OCH, MOYKHO PacCYUTaTh U
paccrosHue, IPOMAECHHOE II0 OTOM OCH OT HAYaJIbHOIO  3HAYECHUs
COOTBETCTBYIOIIEH KOOPAUHATHI.

Ecnn 6b1 cocTaBisiomiie CKOPOCTH MO OCSAM ObLIM OBl MOCTOSTHHBIMHU, TO
TEKyLIME KOOPJIMHATHI CAMOJIETA X,y OMpeesuIuCh Obl IO MPOCTBHIM (hOopMyJIaM:

X=Xq + W,t;
y=Yo + Wit,

riae t — Bpems nojeTa OT HayaJlbHOM TOUKU C KOOpJIMHATaMH Xp, Yo.

Ho B oOmiem ciydae COCTaBISIIOIIME CKOPOCTH HENPEPHIBHO MEHSIOTCH,
MOCKOJIbKY M3MEHSIETCS W MOJyJib, U HAIpaBJICHUE BEKTOPA MyTEBOW CKOPOCTH.
Benp camoneT MOKeT U3MEHUTh KypC U UCTUHHYIO CKOPOCTh, U3MEHSIETCS U BETEP.

C TOYKM 3peHUs MaTEMAaTHUKU CKOPOCTh — 3TO MPOU3BOAHAS PACCTOSHUS, TO
€CTb CKOpPOCTh (ObICTpOTa) €ro u3MeHeHMs. B3sThe npou3BOIHON Ha3bIBaeTCS
nuddepenuupoBanriem. Omnepanus, oOpaTHas auddepeHIUPOBaHUIO, — 3TO
WHTETPUPOBAHNE, IIO3BOJISIIONIEE 10 W3BECTHOW MPOU3BOAHOM HAWUTU CaMy
BEJIMUMHY (3aKOH ee u3MeHeHus1). Cle10BaTeNbHO, 015 onpedeieHusi NPoudeHHO20
PACCMOsAHUSL NO KANCOOU OCU HEoOX00UMO 6 obujem ciyiae UHMeSpuposams
COCMAasAIowWyI0 CKOPOCMU NO MO OCU.

MOXHO K 3TOMY € BBIBOJAY NOJOMTH WU C APYyroil cTopoHbl. CKOpPOCTH
HEIMPEPHIBHO U3MEHSIETCSI, HO Ha JIIOOOM OECKOHEYHO MaJioM OTPE3KE BPEMEHH €e
MOKHO CUMTaTh IOCTOSIHHOM M OIpeneanuTb OECKOHEYHO Majoe pacCTOSHUE,
IPONAEHHOE 3a 3TO BpEMS, MPOCTHIM YMHOKEHHEM BpEeMEHHU Ha cKopocThb. Ho Bech
OPOMACHHBI NYyTh SBJIAETCA CYMMOW OECKOHEYHO OOJBIIOro KOJIHYECTBa
OECKOHEYHO MaJbIX Y4YacTKOB. A cyMMa OECKOHEYHO OOJBIIOT0 KOJIMYECTBA
OECKOHEYHO MaJbIX CIaraéMbIX — 3TO U €CTh ONPEJICICHHbII UHTErpall.

Takum 00pa3om, B 00IIEM BUE YPaBHEHUS CUUCICHUS MOKHO 3allUCATh:



269

t
X = Xo + [W,dt;

‘1 8.1)
y = Yo+ |W,dt.

0

HaBuranmoHHbI BBIYKCINUTENb HEMPEPHIBHO MHTETPUPYET COCTABISIONINE
CKOPOCTH, OMNpPEAEIIsis MPUPALIEHU KOOPIWHAT K MX HAYAJIbHBIM 3HA4YCHUSM. B
IU(POBBIX BBIYUCIUTEISAX HMHTETPUPOBAHUE OCYIIECTBISETCS IO ajJropuTMam
YUCJIEHHOTO MHTErpUpPOBaHUS. B aHAIOrOBBIX BBIYMCIMUTENSIX OHO BBIIOJHSIETCS
WHTETPUPYIOLIUMHU 3JIEKTPOIABUTATENSIMU, TO €CTh TAKUMH, Y KOTOPBIX CKOPOCTH
BpaIllEHUs] 3aBUCUT OT I[OJIaBa€MOI0 Ha HET0 HamnpsbkeHus. Ecin mnojxaBaTh
HaNpsDKEHUE, MPONOPLUUOHAIBHOE CKOPOCTH, TO 4eéM OOJIbLIE CKOPOCTh, TEM
Oonpiie 000OPOTOB B EAMHUILY BPEMEHHU CJEJacT JABUTATeNb, «HAKPYYHBAs»
npoitieHHoe pacctosiue. [Toxoxum 006pa3zoM paboTaeT CiUOMETP B aBTOMOOMIIE,
pPacCUMTHIBASI MPOIIEHHOE PACCTOSIHHUE 110 CKOPOCTH BpALIEHUS KOJIEC.

Tekymiye cuucIeHHbIE 3HAYEHHS] KOOPAMHAT OTOOpa)karoTcs sl dKUIaxa
Ha uHaukaTopax. Ilo kakod Obl TPAGKTOPUM HH JIETEJ CAMOJIET, MUJIOT MOXKET
OMPEICIUTh M0 HUM KOOPJIMHATHI B TAHHBI MOMEHT BPEMEHH.

Kypcooonnepoeckoe cuucnenue nymu. CUucieHne yTH, OCYIIECTBISEMOE
M0 U3MEPEHHBIM 3HAYEHUSAM Kypca, IIyT€BOM CKOPOCTU U yTrila CHOCA, HAa3bIBAETCS
kypcooonneposckum. Ha BC, rme ocymecTBisieTcss KypcoJIOIUIEpOBCKOE
CUMCJICHHE, OHO BEIETCS B YaCTHOOPTOJIPOMUYECKOM (a (akTHuuecku — B
npsMoyroyibHoi) cucteme koopaunatr OZS. Ocs S nHanpasnena mo JI3II B
HarpaBjeHuu noJiera, a ocb Z BrpaBo otr JI3IIL. Ilockonbky ock S coBmamaer ¢
JI3II, To 1 yroj KapThl COBMAIACT C 3aJaHHBIM IyTEBbIM yIJIoM (pHc. 8.8):

N3mepsiemble mapamMeTpbl TO3BOJSIOT ONPEAENATh IOJOKEHUE BEKTOpA
MyTEBOM CKOPOCTH OTHOCHUTENIBHO JIMHUMU 3aJJaHHOTO MYyTH W Pa3jOoXKUTh €ro Ha
COCTaBJISIOIIME TIO ocsAM KoopauHat. s storo W HeoOXoAMMO YMHOXHUThH Ha
CUHYC U KocuHyc yria, nox kotopeiM W nanpasnen k JI3II, To ectb Ha pa3HOCTb
(paxTHYEeCKOTO B3, ¥ 33JAHHOTO 3; MyTEBBIX YIJIOB, OTKyJa MOXHO 3aIlUCAaTh!

WS =W cos (:qu_ﬂa) = W cos (y +a _183);
WZ:WSin (ﬂqb - ﬂ3) :WSin (y +0C—,B3),
rne W — monynb BekTopa myTeBoi ckopoctu W,

Y — KypC BO3JIyLIHOT'O Cy/IHa;
0. — YyTroJ CHOCa,



270

) nan >S
Zol
z

A 4 W

Z

Puc. 8.8. CocraBmsromnire BeKTOpa myTeBO CKOPOCTH

B pesynbrate HWHTErpUPOBaHUs COCTABISIIOIIUX IIYTEBOW CKOPOCTH
MIOJIy4aeM TEKYIIHE YaCTHOOPTOAPOMHYECKHE KOOPAMHATHI MECTa BO3IYLIHOIO
CyJlHa C YYETOM UX Ha4aJIbHbIX 3HAYECHUN:

t t
S=S5, +_[Wsdt =S, +_[Wcos(7+a—ﬂ3 )dt;

Ot 0t (8.2)
z2=1, +IWZdt =2, +IWsin(y+a—,B3 )dt.

0 0

3HayeHUs IYTEBOM CKOPOCTH M yrja NOCTYyHaloT B HABHUTAIIMOHHBIN
BeluncuTENb aBTomatudecku ot JAMCC, tekymmuit kypc BC — oT kypcoBoi
CUCTEMBI, a 3HAYEHHUE 3aJIaHHOTO IMyTEBOTrO yria (yria KapTbl) BBOIUTCS WM
aBTOMATHUYECKU M3 OOPTOBOM 0a3bl a’dpPOHABHTAIIMOHHBIX JAHHBIX WU BPYYHYIO
DKUITIAXKEM ITpH nposere ouepeanoro [HIIM.

[Ipy KypcOIOIUIEPOBCKOM CUMCIEHUM HABUTALIMOHHBINA  BBIYMCIUTEH
HEIPEPHIBHO PACCUMTHIBAET MapaMeTphbl BeTpa. B 3aBUCMMOCTH OT BHUJIa CUCTEMBI
CUMCIICHHUS TMyTH OSTHUMH MapaMeTpaMu sBIAOTCS aubo  ckopocth U wm
HAaBUTallMOHHOE HANpaBJICHHE BETpa Oy , JUOO COCTABISAIOIIME BETPA MO OCSIM
koopauHaT Us u Uz, Ilpu BHezanHom otkaze JMCC mo mo0bM mpuYMHAM
HAaBUTAIIMOHHAs CHCTEMA AaBTOMATHYECKH MeEpeXoguT B pexum “lTlamsaTte”, B
KOTOPOM CYHCJICHHE BEJIETCS MO 3allOMHEHHBIM mapamerpam Betpa. OJIHaKO B
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CBSI3W C BPEMCHHOM M MPOCTPAHCTBEHHOW H3MEHUMBOCTBIO BETPa ITOT PEIKUM
JUTATEIHHOE BPEMs IIPUMEHSATh HE PEKOMEH/TYETCSI.

Kypcoeozoymnoe cuucnenue nymu. JlaHHbBId BHA CUUCICHHS IIyTH
npuMeHsiercs npu  orcyretBun  mHGopmanmu ot JWCC. [ns cuucieHus
HEOOXOMMa TyTeBas CKOPOCTh, HO OHA B JaHHOM Cllydae HE H3MeEpseTCs, a
paccuuThIBacTCs BhrunciuTeneM. OueBUIHO, YTO COCTABIISIONINE BEKTOPA MyTEBOM
CKOPOCTH TI0 OCSIM KOOPJHHAT PaBHBI CYMME COCTABJIAIOIINX BEKTOPOB MCTHHHOM
cKopocTH 1 BeTpa (puc. 8.9).

v
Z

Puc. 8.9. CocraBmsironire BEKTOPOB HABUTAITMOHHOTO TPEYTOJIbHUKA CKOPOCTEH

Torna:
Ws = Vs + Us =V cos (y—p3) + U cos (6, —f3);
Wz = Vz+ Uz =Vsin (y— B3y + Usin (5, B3),

rae V — ucTuHHas Bo3ayiHas ckopocts BC;
0, — HABUTALIMOHHOE HANpPaBIICHUE BETPA;
U — ckopocTb BeTpa.

NcxonHbiMu TaHHBIMU [T pacueTa sSBistores: kKype BC, nocrynatommii ot
KYpPCOBOM CHUCTEMBI; MCTUHHAs BO3AYIIHAsg CKOPOCTb — OT JaT4yuMKa BO3AYILIHOU
ckopoctn unu CBC; CcKOpOCTb M HampaBIEHHE BETpPa BBOIATCSA SKHUIAXKEM
BPYUYHYIO.

[Ipu UHTETPUPOBAHUN COCTABJISIFOIINX MyTEBOW CKOPOCTH B JIFOOOW MOMEHT

BpeMEeHH (DOPMHPYIOTCS TEKYIIHE YaCTHOOPTOIPOMHUYECKHE KOOpPIWHATHI MeECTa
BC:
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t t
S =5, +jWSdt =S, +_[{V cos(y — B3, )+U cos(5,, — B, )}dt;
° 0 (8.3)

t

t
Z =1, +jwzdt =7, +j{v sin(y — B, )+U sin( S, — B, )}dt.
0 0

[IpocTeIMMHA ~ HABUTAMOHHBIMH  BBIYMCIHUTENSIMU,  HCIOJIB3YIOIIUMU
Ha3BaHHbIC BUbI cuuciaeHus nyTH, asisitoress HAC-1 u HBY-B3.

Koppekuyua cuucnennvix koopournam. CUCTEMbI CUUCIEHUS MYTH BBIJAIOT
BCIO MH(OpPMAIIUIO, HEOOXOIUMYIO IS T0JIeTa IO MAPUIPYTY: JIMHEHHOE OOKOBOE
YKJIOHEHHUE, TPONJEHHOE M OcCTaBlleecs: paccTosiHug. M ecnu Obl CUMCIIEHHbBIE
KOOpAMHATHI OBLIM aOCOJIOTHO TOYHBIMH, TO Ha OOPTY HE HYXHO OBLIO ObI
YCTaHABJIMBATh €IIE Kakue-TMOO HaBUTAllMOHHBIE cpeAcTBa. Ho cuucieHHbie
KOOpAMHATHI HEU30€KHO COJepkKaT MOTPEIIHOCTH, TO €CThb HE TOJHOCTHIO
COBIMAJAIOT C (PaKTUUECKUMHU. ODTH MOTPEHIHOCTH BKIIOYAIOT B cels JBe
COCTaBJISFOLIHE.

Ilepsas BbI3BaHA TEM, YTO YK€ HaYaJbHbIE KOOPIAUHATHI MOTYT OBITh
HETOYHBIMU. /[eHCTBUTENBHO, TOCTATOYHO TOYHO MECTO CAMOJIETA U3BECTHO JINIIb
toraa, korna BC nHaxomutes Ha aspojpome. Ho ecnu cuucieHue HauyWHAETCS B
KaKOM-TO MOMEHT BO BPEMs BBIIIOJHEHHUS MOJIETa, TO 3KUIAXK JOJDKEH CHayaja
onpenenuTsh kKoopauHaTel MC 1j1s1 STOr0 MOMEHTA, KOTOpbIE U OyAyT HayalbHBIMU
151 cuucieHud. KoopauHaTel MOXHO ONPENEIUTh OJHUM H3 METOJOB IEpPBOU
IpyNIbI, HalpuMep, ¢ TMOMOIIBI0 Ha3eMHBIX paauoMaskoB. Ho m oHu Oyayt
coJiepKaTh MOTPEITHOCTH, TOCKOJIbKY aOCOTIOTHO TOYHBIX TEXHUYECKUX CPE/ICTB
He cymectByer. M ecnmu minor onpenenwsi HavaabHoe MC ¢ MOTPEIIHOCTEHIO,
HanpuMmep, | KM, TO 3Ta BeJIMYMHA TMOTPEHIHOCTH COXPAHUTCA BO BCEX
MOCJEAYIONINX 3HAYEHUSIX CUMCIICHHBIX CUCTeMOW KoopauHat. OHM TOXe OyayT
oTnuyaThcsl Ha 1 KM OT (akThuyeckux, To ecTb cuucieHHas JIDII okaxercs
CABUHYTOM HA 3Ty BEJIMYMHY OT €€ MPABUIBLHOTO MOJI0XKEHUS.

Bmopas cocmasnaiowas TIOTPEIIHOCTH CUMCIEHUS BbI3BAaHA HETOYHBIM
M3MEPEHUEM HABUTALIMOHHBIX JJIEMEHTOB JBWKEHHUA.  Kypca, yIjia CHOca,
CKOPOCTU. XapaKTepHOU €€ 0COOCHHOCTHIO SIBIISIETCA TO, YTO OHA YBEIIMYHBACTCS
cO BpeMeHeM mojeTta. B aToMm HeTpyaHO yOenuThes Ha mpoctoM mpumepe. Ecmu
IyTeBasi CKOPOCThb, II0 KOTOPOM pPACCUUTHIBAETCS MPOWJICHHOE pACCTOSHHUE,
U3MEPSETCS, CKAXKEM, C TIOTPEIIHOCTHIO 5 KM/4, TO Yepe3 Yac MojieTa MorpenHoCTh
B OIPEJIEIICHUN PACCTOSTHUS COCTABUT 5 KM, Yepe3 JiBa yaca rnojera — 10 kM u T.4.

Yem ponsbiie jietuT BC OoT TOYKM HaydallbHOM BBICTABKM KOOPJHUHAT, TEM
MEHEE TOYHBIMU CTAHOBSITCS CUMCJICHHBbIE KOOpJAWHATHI. UTOOBI HAXOAMUTHCS Ha
JI3II, nunot crapaercs BhIIEpKUBaTh HAa UHAUKaTope cuctembl Z=0. Ho Beap 31O
HE TOYHOE, a cyuciieHHoe 3HaueHue. dakrtuueckoe JIBY MoxkeT cocraBiaTh yxe
HECKOJIBKO KWJIOMETpOB. Tak e, kak eciu 4acel nokaspiBaloT 12.00, 310 He
O3Ha4yaeT, 4YTO celdac pOBHO NOJIJIEHb. Benb 4acel, CKOpee BCEro, crhemar Wiu
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orcraioT. W ueM Jonbplie OHM HE MPOBEPSUIMCH, T€M OOJbIIE MOXKET OBITH
MOTPEIIHOCTb.

[ToaToMy mr00asi cucremMa CUHCICHUS NyTH TpeOyeT NepruoInYecKon
Koppekyuu, TO €CTb HCIPABICHUS CYMUCIEHHbIX KoopauHar. Koppeknus
3aKJII04YaeTcss B TOM, 4TO muioT ompeaenser MC ¢ moMomibio 0oJjiee TOYHBIX
METO/IOB MEpBOM TpyIIbl (10 paguomMasikaMm, CIYTHHUKaM, BU3YajJbHO) M BBOJUT
ATU 0OJiee TOYHbIE KOOPJIMHATHI B CUCTEMY CUHUCJICHUS MYyTH. DTU KOOPAMHATHI
CTaHOBSITCS. HOBBIMU HAa4YaJIbHBIMUA KOOPJMHATAMM, U CUHCIIEHUE HAYMHAETCS YXKe
OT uX 3HaueHui. Pasymeercs, morpemHocTy OyIyT CHOBA HAKAIIMBATHCSA, YTO CO
BpEMEHEM MOTPeOyeT HOBOM KOppEeKIHHU. TakuM 00pa3oM M BBIMIOJIHSAETCS MOJIET:
HEIPEPBIBHO OMNPEEISAIOTCS CUHMCICHHBIE KOOPJIWHATHI, HO MNEPUOAUYECKH OHU
KoppekTupyrorcs. Tak ke u ¢ yacamu. BpeMst 0T BpeMeHH UX HYKHO ITPOBEPSTH U
yCTaHaBIMBATh TOYHOE BpEMs

8.5. Kparkasi XapaKTepUCTHKA HEKOTOPbIX aBTOMATH3HPOBAHHBIX
CHCTEM CHHUCJICHHS IyTH

Haesuzayuonnan asemonomnan cucmema HAC-1. llpennasHauena s
HEIIPEPBIBHOIO aBTOMATHYECKOTO HM3MEPEHHUS IyTEBOM CKOPOCTHM M yIia CHOCA,
CUMCIICHUA TMPOWIEHHOIO MyTH M BbIJIAYM CUTHAJIOB B aABTONWIOT JUIA
aBTOMATHYECKOTO ymIpaBieHus camoiieToM Iipu cinenoBanuu no JI3IL. Cucrema
ABJIIETCS] aBTOHOMHOM M MOYKET MPUMEHSATHCS MPHU BBITOJIHEHUH MOJIETa MO JIF0O00H
BO3JIYIIIHOW Tpacce WM MapuIpyTy MoJjeTa.

HAC-1 skcrutyatupyercs Ha camonerax Ty-134, An-12, n-18 u apyrux.

B coctaB HAC-1 Bxonsr:

- INCC;

- aBTOMAaTH4YeCKoe HaBHUTalmoHHOe ycTporcTtBo (AHY), saBnsromnieecs
aHAJIOrOBBIM BBIYMCIIUTEIIEM CUCTEMBI;

- naT4uk Bo3ayuiHou ckopoctu ([IBC);

- 3a1aTyukK yria kaptel (3YK);

- 3a7aTurK BeTpa (3B);

- CYETYUK KOOpPJMHAT.

JANCC wu3MepseT NyTEBYKD CKOPOCTb M YroJd CHOCA, BBIIAET HMX Ha
WHIUKATOP AJs1 MHPOpMUPOBaHUS HKUMAxa, a Takke B AHY. Tyna xxe noctynator
KypC OT KypCOBOM CUCTEMBI M UCTHHHAS BO3AylIHasA ckopocTs oT JIBC.

AHY ocymecTBisieT aBTOMaTHYECKOE CUHCIICHHE NMyTH. BeEkTop myTteBomn
CKOPOCTH PACKJIAJIbIBAETCA MO OCSIM MPSMOYTOJIbHOW CHUCTEMBbI KOOPJIWHAT H
Ka)KJ1asl COCTABIIAIONIAS] UHTETPUPYETCS JIJIS MOTYUYEHHUs TPOUIEHHOTO paCcCTOSTHUS
10 KaKJI0M OCH.

Ocu cuctembl KOopAMHAT 0003HaueHbl pycckumu OykBamu C u B. Bugumo,
pa3pabOTUYMKKA CHCTEMBI TOJIArajd, 4TO JKHUIMaX OyJeT BBHIOMpPATh HAMpaBIICHUE
ATUX OCEW Ha ceBep W Ha BOCTOK. Ho Takoil BBIOOp HampaBiieHHs] oced ymoOeH
TOJIBKO MpHU MOJETaX B OrPaHUYEHHOM pailOHE, HApUMeEp, NPU BBINOJHEHUU
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aBUAIIMOHHBIX paboT. B rpakaaHckoil aBUaIii OOBIYHO BBIMOJHAIOTCS MOJETHI MO
MaplIpyTaM, U 3KUNaX HampasisieT oaHy u3 ocei (C) Blepen Mo HaNpaBICHUIO
JI3TI, a BTopas ochb (B) oxaspiBaercs HampaBieHHoi BrnpaBo ot JI3II. B atom
cinydae ocu C u B OTHOCTBIO SKBUBAJICHTHBI PAHEE PACCMOTPEHHBIM OCsSIM S U Z
4aCTHOOPTOAPOMUYECKON CUCTEMBI KOOPAUHAT.

B n11060M citydae opueHTalMs CUCTEMBI KOOPAUHAT 33Ja€TCS YIJIOM KapThl,
KOTOPBIM SIBIISIETCS YIOJI MEXKIY CEBEPHBIM HANpABJICHUEM MEpUIMAHA U
HarpasieHuem ocu C. Bun storo Mepuanana (MarHUTHBIA, OPTOAPOMHUYECKHI U
T.I.) ONPEIEISETCS TeM, KaKOM BUJ Kypca MOCTYINAaeT OT KypCOBOM CHCTEMBI B
AHY. To ectp, ecnu KypcoBas cuctema paboraer B pexume «MK», To u yron
KapThl HEOOXOJAMMO OTCUMUTHIBATH OT MAarHUTHOTO MEPHJIMAHA, a €CIIU B PEXKHUME
«I'TIK», TO OT OmOpHOTO.

Ecimn oce C nHampaenena no JI3II, To yroa kapTel paBeH 3aJlaHHOMY
IyTeBOMY yIury. /sl KaKI0TO y4acTKa MapuIpyTa OH yCTaHaBIMBACTCS SKUIIAKEM
Bpyunyto Ha 3YK (puc. 8.10).
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Puc. 8.10. 3agaTunk yria KapThl

Tekymye KoopAUHATBI HHIULIUPYIOTCS HAa CUETYMKE KOOPAHMHAT CTPEJIKAaMU
¢ Hagmucamu «C» u «By» (puc. 8.11). 3nech ke ycTaHABIMBAIOTCA M HadalbHbIC
KOOP/IMHATHI.

[Ipu wucnonszoBanuun HAC-1 oskunax cam BbeiOupaer, rA€ Oyner
pacronaraTbCs Ha4ajlo CUCTEMbI KOOPJIMHAT HAa TEKYLIEM Y4acTKE Mapuipyra — B
HadyaJIbHOM uiu KoHeuHoM [I1IM yuactka.

Ecmum npu nponere HavaneHoro IIIIM yuactka ycranosuts YK=3IIVY, a
crpenku «C» u «B» Ha HyneBoe 3HaUeHHE, TO MPHU BBHINOJHEHUU TOJIETA CTPEJIKA
«B» Oyner nokasbiBath cuncieHHoe ykionenue ot JI3II (JIBY), a crpenka «Cy» -
npoiigennoe ot I1IIM paccrosnue. Hanpumep, C=+72 km, B=+17 km (cM. puc.
8.11).



Puc. 8.11. CueTunk koopauHaT

MoOXHO NOCTYNHUTh U MO-APYroMy, YCTAHOBHB B Hauale ydyactka B=0, a
cTpenky «C» Ha OTPULATENIBHOE 3HAYEHHUE JIJIMHBI Y4acTKa, TO €CTb OTBECTH €€ OT
HyJIsI BJIEBO HAa COOTBETCTBYIOIIEE paccTosiHue. Ha mikane cyeTunka KOOpJIWHAT
(cMm. puc.8.11) HeT oTpHIATENbHBIX 3HAYEHUM, a MakcuMajabHOe 3HadeHue 1000
KM, MOSTOMY, Hampumep, npu jainuHe ydactka 200 KM CTpenka JI0KHAa ObITh
yctaHoBiieHa Ha 3HaueHue 1000—200=800 km. Torga B mpoiiecce moJieta cTpenka
«B» Oynmer npuOMMKaThCs K HYJIO, MOKa3blBash OCTABLIEECS PACCTOSHUE [0
koHeyHoro [ITIM yuacTtka.

Crpenka «B» B 000MX pacCMOTpPEHHBIX  ciyyasx MokasbiBaeT JIBY,
cienoBarenbHo, s nojera no JI3II HeoOXoaumo ympaBisTh CaMOJIETOM Tak,
4yTOOBI BBIJICPKUBATH €€ HA HYJICBOM 3HAUYCHUH.

OCHOBHOM peXUM PabOThl CUCTEMBI — KYPCOAOIIEpOBCKOE cuucieHue. [Ipu
otkaze JIMCC wiu, ecii OH BOOOIIE HE YCTAHOBJIEH HA CaMOJIETe, UCTIOb3YyeTCs
KYpPCOBO3IYIIHOE CUHUCJIEHUE. B 3TOM ciydae OT AaT4MKa BO3AYILIHOW CKOPOCTH
MOCTYIIAET JJIEKTPUYECKUM CHUTHAJ, COOTBETCTBYIOLIMKA WMCTUHHOM CKOPOCTH,
KOTOPYIO BBIUMCIHTENIb PACKIAIbIBAET Ha cocTaBisomme. CKOpocTh U
HABUTAIIMOHHOE HAaIlpaBJIEHUE BETpa HEOOXOAMMO YCTAaHOBUTH BPYYHYIO Ha
3amatuuke Berpa (puc. 8.12). Ha HeM ke HyXHO yCTaHOBHUTH YroJl KapThl JJIs
pa3JIOKEHHs] BEKTOpAa BETPAa HA COCTABJSIONIME IO OCSIM CHCTEMBI KOOPAWHAT.
Pazymeercsa, 3HaueHme YK JOIDKHO COOTBETCTBOBaTh €ro  3HAYCHMIO,
yctanoBiieHHOMY Ha 3YK. Ilo coctaBnstomum V 1 U BeIUHUCIUTENb PACCUNTHIBACT
coctapisronme W W myTeM HX WHTEPUPOBAHUS OIpEIeseT CUHUCICHHbBIC
KOOPJAUHATHI.

TO4YHOCTH KYypCOBO3IYIIHOTO CUUCICHHS OYIET CYIIECTBEHHO 3aBUCETh OT
MPaBUWIBHOCTH OIpE/IeICHUs BETpa U YCTAHOBKHU €ro Ha 3B.
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Puc. 8.12. 3agaTuuk BeTpa

Haguzauyuonnoe eviuucnumenvuoe ycmpoiicmeo HBY-b3 Bxogut B
COCTaB MUJIOTAXXHO-HABUTAIIMOHHOTO KoMIuiekca camojera Ty-154. Ono
OCYLIECTBISIET pacyeT CYMUCIEHHBIX KOOPAMHAT W COBMECTHO C CHUCTEMOM
aBTOMATUYECKOr0 yIpaBieHUss camoiieta oOecrneuuBaer nojer no JI3II B
aBTOMAaTHYECKOM PEKUME.

B ormuune or HAC-1, mpu HCHONB30BaHUM KOTOPOM MHIIOT MOXKET
BBIOMpATH JII000E HalpaBlieHWE OCEH W IMOJO0KEHHE Hayaja CUCTEMbl KOOpJIMHAT,
a1 cuucinennss B HBY-B3 Bcerma wucnonb3yeTcs 4YacTHOOPTOAPOMHYECKAS
cuctema koopauHat OZS, mpuueM Hayallo 3TOH CHUCTEMbI (TOYKa TEpPECEUCHMUs
oceil) pacniosiaraetcst 8 koneunom IITIM texymiero yyactka. COOTBETCTBEHHO YTOJl
KapThl paBeH 33JaHHOMY MyTEBOMY YTJIy y4acTKa, KoopAuHaTa Z COOTBETCTBYET
JIBY, a xoopauHaTta S 1o MomeHnTa mnposiera koneunoro IIIIM yuacTtka siBisieTcs
OTPULIATETHLHOM U MO a0CONIOTHOM BEJIMYMHE PaBHA OCTABLIEMYCS] PACCTOSIHUIO JI0
[1IIM.

Hnst cuucnenus wucnosb3dyercs uHdopmaius ot JIUCC, or CBC u or
kypcoBoit cuctembl TKC-I12. ITockonbky 3Ta KypcoBas cuctema Bcerja padoTaer
B pexume «ITIK», TO u ycTaHaBIMBAEMBIN JKUITAKEM 3aJaHHBIN ITyTE€BOW yTOJI,
UTpaloliid  poJib  yrjia KapThl, JOJDKEH ObITh opTojapomudeckuMm. OH
YCTaHABIIMBAETCS HA UHAUKATOPE-3a1aTUUKE MTyTEBBIX YTJIOB.

3HaYeHUs KOOpAMHAT Z U S UHAUUUPYIOTCA HAa WHIUKATOpPaX-3aJaT4UKax
KoopauHaT B u¢poBoM Bue (puc. 8.13, cieBa).

B HBVY-B3 o1HOBpeMEHHO YCTaHABIMBAIOTCS JIAHHBIE OJHOBPEMEHHO JIBYX
CMEXHBIX yYacTKOB MapmipyTa. DTO TMO3BOJISIET OOECTEUUTh aBTOMATHUYECKHM
NepeXo] U3 CUCTEMbI KOOPAMHAT NEPBOr0 y4yacTKa K CUCTEME KOOPJAMHAT BTOPOrO
yuactka. [Ipumepno 3a 80 kM no mponera koHeuHoro [IIIM mepBoro ywacrka
BBIYUCIUTEIb, HAUMHAET PACCUUTHIBATh Z M S CaMoJIeTa y>K€ U B HOBOM CHCTEME
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koopauHat (puc. 8.14). Korma no IIIIM ocranercs paccrosHue, paBHoe JIYP,
IPOUCXOAUT MEPEKIOUEHNE Ha HOBYIO CUCTEMY KOOPAMHAT, a €CJIM MOAKIIOYEHA
aBTOMAaTHYecKass  CHCTeMa  YNpaBi€HHs, TO  CaMOJIET  aBTOMAaTHMYECKH
pa3BOpavyMBaeTCs U BRIXOAUT Ha HOBYO JI3II.

U U'gQ: Y0100

S

Puc. 8.14. Koopaunatet MC B 4aCTHOOPTOJPOMHUYECKUX CHUCTEMAaX KOOPAUHAT
JBYX CMEKHBIX YYaCTKOB MapIuipyTa
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[Ipy BBINOJHEHWM CUMCIEHHS IIYTH B KypPCOJIOIUIEPOBCKOM PEXHME
OCYILECTBIISIETCA pPacyeT MapaMeTPOB BETPA, KOTOPHIE B NAJBHEHMIIEM MOTYT
WCIIOJIb30BaThCA MPU BBINIOJHEHUH CUHUCIICHHS B KYPCOBO3AYIIHOM PEXKUME.

8.6. IlpyHIUI HHEPUHMATBLHOT0 CYUCTEHUS MyTH

Nuepunanbusie HaBuranuonueie cucteMsl (MHC) ocHoBaHbI Ha M3MepeHUn
yvekopenuu BC 1o ocsiM  CHUCTEMBI KOOPAMHAT. YCKOPEHUS U3MEPSAIOTCS
YCTPOMCTBaMM,  Ha3bIBAEMbIMU  akcenrepomempamu. llpuHnun  nercTBus
aKcelepoMeTpa OCHOBaH Ha CBOICTBE UWHepUUHU. B  ympoiieHHOM BujE
aKceJIepoMeTp MpPEACTaBIseT CO00Ml TpyOKYy C pPacrolOKEHHBbIM BHYTPH HeEe
rpy3om B Buje mmapuka (puc. 8.15). Ecim TpyOka ABUKETCS C YCKOPEHHUEM,
HaIpaBJEHHBIM IO €€ OCH, TO TPy3 BCJIECACTBUE CBOECH MHEpPIUU CMELIAETCS B
CTOpPOHY, MPOTUBOMOJIOXKHYIO0 ycKopeHuto. CMelieHrne TeM 0osbline, yeM OOoJbIie
yckopenue. Ecnum yckopeHuwe mpekpamiaercs, Npy>KHHA BO3BpallaeT TIpy3 B
HyJIeBO€ TOJIoKeHHe. Takum oOpa3oM, HU3Mepsisi CMEIICHHE, MOXKHO H3MEpPSTh
YCKOPEHHE.

CoBpeMeHHbIE aKceIepoOMEeTphl 00JaAat0T BHICOKOW YYBCTBUTEIBHOCTHIO U
MOTYT HU3MEPHUTh YCKOPEHHE, COCTABJISIIONICE OAHY MWUIMOHHYIO OT YCKOPEHHS
CBOOOMHOTrO majaeHus. Eciu Obl TE€NO U3 COCTOSHUS MOKOS HA4YaJlo JIBH)KEHUE C
TaKUM YCKOPEHHUEM, TO OHO CABUHYJIOCH Obl Ha OAWMH MUJUTUMETP JIMIIb Yepe3 15
CEKyH].

Puc. 8.15. Axkcenepomerp

JIBa akcenepoMeTpa pacroioKE€Hbl B TOPU3OHTAIBHOM IUIOCKOCTH H
OpUMEHTHUPOBaHbl Ha CEBEp-IOI M BOCTOK-3amaja. OHM MpegHa3HAYEHbl IS
U3MEPEHUS YCKOPEHMM II0 O3THUM HAIpPaBICHUSAM. [peThil pacmoIOkKeH
BEPTUKAIILHO (puc. 8.16).

N3 ¢pusuku u MaTeMaTUKU U3BECTHO, UTO YCKOPEHUE SIBJIAECTCS MPOU3BOJHOM
OT CKOpPOCTH, TO €CTh XapaKTepHu3yeT ObICTPOTy €€ u3MeHeHus. COOTBETCTBEHHO,
CKOPOCTh — O3TO Tpou3BojgHas  paccrosiHus.  Omepanueit, oOpaTHOMN
mudepeHnupoBannio  (B3SATHUIO TPOUZBOJHON), SIBISIETCS HMHTETPUPOBAHME.
CrnenmoBarenbHO, €CJIM 3HAYEHHWE MPOMU3BOJHOM (M3MEPEHHOE YCKOPEHUE)
U3BECTHO, TO IIOCJE€ €ro MHTErPUPOBAaHMS TNOJY4YHUM CKOPOCTb, a IIOCIIE
WHTETPUPOBAHUS CKOPOCTHU MOJTYUYUM NPOUJIEHHOE paccTosiue (puc. 8.17).



Puc. 8.16. Cuncnenue B chepruyeckoit cucteme KOopuHaT
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Puc. 8.17. YmnpoieHnHast 0J10K-cXeMa MHEPIIUATILHOTO CUUCIICHUS

Ilycte ay M @ — HM3MEpEHHbIE YCKOPEHHUS IO HaIlpaBJICHHSAM Ha CeBep U
BocToK, Wy 1 WEg — cocraBisitoniie myTeBOi CKOpOCTH, Sy M Sg — MPOMHJICHHBIC
pPacCTOSIHUS 110 3THM K€ HampasiieHusM. Torna

t t
Wy = [aydt; We =[agdt; (8.4)
0 0

t t
SN :J.WN dt, SE :J.WEdt (85)
0 0

¢, A
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Cospemennbie MHC ocyiiecTBIsIOT cUUCIeHUE B reorpapuueckoil cucteme
KOOpJIMHAT, TO €CTh OMPENENSIOT MUPOTY U Aoiaroty. Eciau npussats 3emito 3a
chepy, TO TeKyIIHe MHUPOTa (¢ U JAOJATOTa A (B paguaHax) MOTYT OBITh OMPEIeIICHbI
KaK:

t WN
5 COSQ

dt, (8.6)

1t 1
=@y +— | Wy dt; A=Ag+—
?® =@ Rg N Ao R

rae R —paauyc 3emiu,

@0, Ao — HadanbHble KoopauHaThl BC.

NHterpupoBanre M BCE MNPOYUE PACUETHI BBITOIHSIIOTCS BXOISMIIMMU B
coctaB MHC uudpoBbiMU BEIYUCIUTENIMU (MUKPOIIPOIIECCOPAMH).

Takum oOpa3om, Kak Obl HU ObLJI OPUEHTUPOBAH CAMOJIET B MPOCTPAHCTBE,
TO €CTh, KAKUMU Obl HU OBLIU KYPC, KPEH U TAHTAX, OJis1 CYUCTEHUSL NYMU OO0JIHCHbI
UCNONIL308AMBCS  YCKOPEHUsT 8 Ccucmeme KOOPOUHAM, IHCECMKO CBA3AHHOU C
3emneti. B 3aBUCUMOCTH OT TOTO, KakuM 00pa3oM OOecreunBaeTcs BBINOJIHEHHE
storo ycnosusi, UHC MOXHO pa3faenuTs Ha JBE TPYIIIIbL:

- OCHOBaHHBIC HAa KCMOJB30BaHUM TUpoIiaThopmbl (OyneM WX Ha3bIBaTh
tpaguiuonubiMu MHC),

- 0ecmuiargopmennsie MTHC.

[lepBeiMu B 40-e ronpr XX Beka ObLIM pa3paboTaHbl U HA MPOTSHKEHHUH
IATHIECATH JIET coBepiueHCcTBOBanuCh TpaaunuonHele MHC. B stux cucremax
aKCeJIepOMETPhl YCTAHOBJIEHBI Ha OCHOBE, HAa3bIBAEMON 2uponiamegopmo.
['mporiaropmMa Ha MPOTSHKEHMHM BCEro MOJIETa JIOJDKHA PACIONArarbesi CTPOro
TOPU30HTAIBHO U OPUEHTUPOBAHA MO HAIPABICHUIO MepuauaHa. B sTom ciiydyae
aKceIepoOMEeTphl He3aBUCUMO OT oBOpoToB BC Bcerma opHeHTHpPOBaHBI 110 OCAM
CUCTEMBI KOOPJIMHAT, CBA3aHHOW ¢ 3eMJIed — OJMH aKCEIEPOMETP OPUEHTUPOBaH
Ha CEBEp, BTOPOM HA BOCTOK U TPETUN BBEPX.

['upornardopma yaepXuBaeTCs B HYKHOM TIOJIOKEHUU C TIOMOIIBIO
TUPOCKONIOB — B MPUHIIMIE TAaKUX K€, KOTOPbIE PACCMATPUBAIUCH B TJIABE O
TUPOCKOMMYECKUX KYpPCOBBIX MPUOOpax, HO ropaszno 0ojiee TOYHBIX, MUMEIOIIUX
MaJiblii COOCTBEHHBIN yXOI.

B  nocnegHeil  4yeTBepTH  MPONLIOTO  BEKa  CTaJIM  pPa3BUBATHCA
oecniamgpopmennuvie UHC, KOTOpbIE HE COBCEM KOPPEKTHO HA3bIBAIOT CUCTEMaMU
Ha 11a3epHblx eupockonax. B 3THX chcTeMax akCeIepOMETPBI KECTKO 3aKPEIICHBI
Ha CaMoOJIETe, OPUEHTUPOBAHBI IO €ro CTPOMUTENIbHBIM OCSIM U, €CTECTBEHHO,
BpAIIAlOTCSl BMECTE C HUM, U3MEPSIsl YCKOPEHUS 80016 ocell camosiema. 3HaUeHus
K€ YCKOPEHHUU MO OCSIM 3eMHOU CUCTEMbl KOOPAMHAT MOJIy4alOTCsl PAacCUETHBIM
MyTEM.

JIJisi HATJIATHOCTH B JIAHHOW TJlaBe paboTa MHEPIHAIBHBIX CUCTEM OyneT
paccMoTpeHa Ha mnpumepe TpaaunuoHHblx MHC, nMeronmx B CBOEM COCTaBe
ruporuiatdopmy. becrimardopmennsie MUHC OyayT paccmoTpeHns! gaiee.
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WNueprimanpHbie HABUTAITMOHHBIC CHUCTEMBI O0JAJAI0OT PSAIOM JOCTOMHCTB H
MIPEUMYLIECTB MEpel APYTUMHU HABUTALIMOHHBIMA CHCTEMAMHU.

1. Asmonomnocms. UHC He TpeOyroT A cBoel paboThl YCTAHOBKH KaKOTO-
anb0 HazemMHOro oOopyaoBaHus. Bce, 4To HEOOXOAMMO [JIsi CUMCIICHUS ITyTH,
HaXOJUTCS HA OOPTY.

2. lupokas obaracms 6o3modcnoco npumenenus. UHC, B oTinuume ot
HEKOTOPBIX JPYTHX CHCTEM, MOTYT HCIOJIb30BAThCS MPAKTUUYECKH HaJd BCEU
TEPPUTOPUEN 36MHOIO 1Iapa, BKIIOYAsl U MOJISIPHBIE PAWOHBI, a TAKXKE MOJ BOJIOU U
B KOCMOCE.

3. Abcontomuas nomexozawuwennocms. Ilockonpky WMHC ocHoBana Ha
WCIIOJB30BaHMM CBOMCTBAa HHEPLMH TEJN, HE CYIIECTBYET €CTECTBEHHBIX U
HEBO3MOXHO CO37]aTh HMCKYCCTBEHHBbIE TOMeXH pabore cuctembl. CoBpeMeHHas
HayKa TII0Ka HE 3HAeT Crocoda, KOTOPhIM MOXKHO OBUIO OBl 3aCTaBUTH
akcesiepoMeTp Ha jgeTsameM BC n3aMepuTh HENPaBUIIBHOE YCKOPEHUE.

4. Bo3ModCHOCMb UBMEPEHUsl 8CeX OCHOBHBIX Napamempos, HeoOXO0IUMbIX
JUJ1S1 HABUTALIUH.

[lepeuncneHHble AOCTOMHCTBA W OINPEICTUIN IIHPOKOE HCIIOIb30BaHUE
MHC Ha BO3OymIHBIX M MOPCKHX CyJaX, KOCMHYECKHX allaparax,
OQLTUCTUYECKUX U KPBLJIATBHIX paKeTaX.

Pazymeercs, y UHC umerorcss u HemocTaTku, OoJibllias 4acTh KOTOPBIX,
BIIPOYEM, CBONCTBEHHAa HE TOJBKO HWHEPIHUAIbHBIM, HO W JIIOOBIM CHCTEMaM
cuucieHuss mytd. K HHUM OTHOCSTCS HEOOXOIUMOCTh 3HAHUS HayaJbHbBIX
KOOPAMHAT, BO3PAacTaHUE ITOTPEIIHOCTEH CYUCIEHHsS CO BPEMEHEM IMOJIETa U
BBITEKAIOIIAsl OTCIOIa HEOOXOUMOCTh KOPPEKITUU KOOPAUHAT.

Eme 15-20 ner Hazan npumeHuTeNnbHO K TpaauuuoHHEIM MHC MokHO OBLIO
Obl OTMETUTh B KA4yeCTBE HEJOCTATKOB HEBBICOKYI0 TOYHOCTh CUMCIICHMUS,
CIOKHOCTh M HHU3KYI0 HaJEKHOCTh CHUCTEMBI, TPOMO3JKOCTb M BBICOKYIO
CTOMMOCTb. DTH HEJOCTAaTKU ObUIH CBSI3aHBI C HEOOXOJIUMOCTHIO MCIIOIB30BAHMS
BBICOKOIIPELIM3UOHHBIX, JOPOTUX U CIOXHBIX THPOCKOIOB, C MTOMOIIBI0 KOTOPBIX
ruporuiatpopma JoJIKHA YISPKUBATHCS B 3aIaHHOM TTOJIOKEHUH.

Ho c¢ nmossnenuem Oecrmatdopmennsix WMHC  cutyamus  O6wicTpo
m3menunacbk. MHC cranu meHble 1o pa3mepam, npoiie, Jemesie. A co BpeMeHEM
onu obornanu tpaguimonasie MHC u mo TounocTwu.

8.7. Ocobennoctu MHC kak cucteM CUYMCICHUA MYTH

Bovicmaséxka HHC. B tpamuumonnsix UHC rupomnardopma pgomxHa ObITh
pacrojioKeHa CTPOro TOPU3OHTAIBHO UM OPUEHTHPOBAHA IO HAIPABJICHUIO
MepuauaHa. B mpoTuBHOM ciyyae yCTaHOBJICHHBIE Ha HEH akcelepoMeTphl OyayT
U3MEPATh YCKOPEHHS HE I10 HANpaBJICHUSAM OCEH CHCTEMBI KOOPJIWHAT, YTO
NPUBEAET K NOTPELIHOCTAM ONPENEIEHUS MECTA CaAMOJIETA.

Ecnu mnardopma Oyner pacnosnoxkeHa He COBCEM FOPU30HTAIIBHO, TO, KPOME
TOT0, aKCEJIEPOMETPhl OyIyT HU3MEPATh HEKOTOPYIO COCTaBISIOUIYIO YCKOPEHUs
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cB0OOHOTO MageHus {. [Ipu ropu30HTAIEHOM TOJIOKEHUH TUTAT(OPMBI BEKTOP (
HaIpaBJieH MEePHNEeHIUKYISIPHO K OCH aKCEeJIepOMETpa W MPOEKIHs § Ha 3Ty OCh
paBHa HYJIIO, a IPU HAKJIOHE aKCceJlepoMeTpa XOTs Obl Ha 1-2 yriIoBBIX MUHYTHI OH
OyZneT JAaxke TMpU HEMOJBIKHOM aKCeJIEpOMETpe, IMOKa3blBaTh HEKOTOPOE
yckopenue (puc. 8.18). 1o yckopeHue OyJeT HHTETPUPOBATHCS BHIYUCIUTENEM, U
cuctemMa nokaxet, uro BC nepemenaercs, Jaxe €clii OHO Ha CaMOM JIeJie CTOUT
Ha cTtosHke. Pa3zymeercsi, Takoil s3pdext OyaeTr UMeTh MECTO W B IOJIETE, YTO
MPUBEJIET K HAKOIUICHUIO MTOTPEIIHOCTEW CUUCIICHHBIX KOOPAUHAT.

[ Opn3oHTanbHaga
R HOCKOCTE

vg g

Puc. 8.18. HOI‘peHIHOCTB H3-3a HCTOPU3OHTAJIBHOI'O ITOJIOKCHHA aKCCIICPOMCETpPa

[ToaTomMy mepen HayaloM IOJIeTa Ha CTOSIHKE JOJDKHA OBITh INPOBEIEHA
BoictaBka VMHC. Ona BkitouaeT B ce0s yCTaHOBKY HAYaJbHBIX KOOpPJMHAT,
TOPU30HTUPOBAHUE W TMPOKOMIIACHUPOBAHHUE TMpOIuiaTGopMbl. B TpaauiMoHHBIX
MHC 31H onepanuu MOTYyT 3aHATh HECKOJIBKO JECSITKOB MUHYT. B TedueHue 31oro
BpeMeHu BC 10KHO OBITh HEMOJBHKHBIM, MOCKOJIBKY MaJ€HIIMI TOJTYOK — 3TO
YCKOpPEHHE, KOTOpoe OylIeT HU3MEPEeHO akcelepoMeTpaMu W TPUBEHAET K
MOTPEUTHOCTH BBHICTABKHU.

B 6ecrnardopmennsix MHC BbicTaBKa MpoMCXOIUT ObICTpEE, MOCKOJIBKY HE
TpeOyeTcss (pU3MYecKu MNPUBOAUTH THUpOIIATGOpMy B HYKHOE TMoJoKeHHe. B
TaKUX CUCTEMAaxX TMpPOIUIaTgopMa MpoCcTO OTCYTCTBYET.

JIJist yCTaHOBKM HauyajdbHBIX KoopAuHAT B COOpHHMKAaX a’pOHABUTallMOHHOM
uHbOpMaIMU JJIl KaXJO0r0 MeCTa CTOSHKM Ha a’poJIpoMe OMYyOJIMKOBAaHBI €ro
mpota U goiarora (puc.8.19). OHM HE TONBKO SABISIOTCA HMCXOMHBIMH JaHHBIMU
JUISl Ha4ajla CYMCIICHUS, HO M HCIIOJIb3YIOTCS IPY TMPOKOMITACHPOBAHUU.
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EGTE/EXT JIJERPESEN EXETER, UK
27 FEB 04 m EXETER
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INS COORDINATES All stands are nose-in parking.
Pilots are cautioned that these stands have an
STAND No. COORDINATES upward incline towards the terminal building,
which may necessitate the use of increased power
2,3 N50 43.9 WO003 25.0 when taxiing onto stand.
4.5 N50 43.9 WO003 25.1 Acft must be marshalled onto stand.
6 7 N50 43.8 WO003 25.1 All acft parked on the main apron are required to
' v : der marshallers instructions.
8 thru 11 N50 43.8 WO003 25.2 295 5

Puc. 8.19. ®parmeHT KapThl ¢ KOOPAUHATAMU MECT CTOSIHKA

l'opuzonmuposanue 3aKiO4YaeTcsi B YCTAHOBKE TIUPOIIaTGOPMBI B
TOPU30HTAJIBHOE MOJIOKEHUE. JTa ONepalys MPU BKIIOUEHUH COOTBETCTBYIOIIETO
pexuma paboThl CHUCTEMbI BBINOJIHAETCS aBTOMAaTHYeCKU. Eciu mpu BKIIOYEHHH
MHC ©Ha  HemoIBWXHOM  caMmojieTe  TuporiaropmMa  pacrosio’KeHa
HErOpPU30HTAJIbHO, TO [JBa  aKCEJIepOMETpa, KOTOpble  JOJDKHBI  OBITh
TOPU30HTATBHBIMU, U3MEPSIIOT YCKOPEHHUSI, COOTBETCTBYIOIIUE MPOEKIUSAM HAa HUX
OCH yCKOpeHHusi cBOOOAHOro majaeHus (. B 3aBucuMocTH OT HampaBieHUs U
BEJIMYMHBI 3TUX YycKopeHuil cuensimas cucreMa HWHC  pasBopaunBaer
ruporiaTGopMy Tak, 4TOOBI aKCEIEPOMETPhI U3MEPSUIN HYJIEBbIE YCKOPEHHS. DTO
U OyZIeT COOTBETCTBOBATh TOPU30HTAIBHOMY IMOJIOKEHUIO TIIATPOPMBI.

T'upoxomnacuposanue 3aKI04A€TCA B OPUEHTUPOBAHUHU THUPOILIATPOPMBI 10
HaIpaBJICHUI0 MCTUHHOTO MepuauaHa. OHa JOMKHA OBITh MOBEPHYTA BOKPYT
BEPTUKAJILHOM OCH TakK, 4TOOBI OJIMH aKceJIepoMeTp ObUT OPUEHTHUPOBAH HA CEBEp,
a npyrod Ha BocToK. KoHeuno, Ha BC ¢ momomipro, Hampumep, MAarHAUTHOTO
KOMITaca MOKHO OIpEAeNuTh, IJe ceBep, a rae ror. Ho TOYHOCTh MAarHUTHOTO
komnaca (OkoJio 1°) COBEpIIEHHO HEAOCTaTOYHAa [IJIi OPUECHTUPOBAHUS
rupomiaTopMel. 31ech TpeOyeTcs TOYHOCTb B HECKOIbKO Y2lo8blX MUHYM.
Onepamysi TUPOKOMIIACHPOBAHUSL TAaK)Ke BBINOJHAETCS aBTOMarthyecku. OHa
OCHOBaHa Ha TOM, YTO M3-3a BpalleHHWs 3eMJIM BOKpPYI CBOE€l OCH Ha
aKceJIepoOMETphl JACUCTBYET LEHTPOOESKHOE YCKOPEHHE, TOUHEE €ro MpoeKlus Ha
ochb akcenepomerpa. LleHTpoOexxHOEe yCKOpeHHe HampaBlIEHO OT OCH BpALICHHS
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3emuin B IUIOCKOCTH Mepuauana. llpencraBum Bua Ha 3eMIII0 CO CTOPOHBI
ceBepHoro noJjtoca (puc. 8.20). B nmonoxxenuu 1 rupomnardopma opueHTUpOBaHA
Mo MEpUAMaHy M aKCeJIepOMETp, HaIlpaBJICHHBIM Ha CeBep-Ior, H3MEpsieT Ha
HEMOJABW)KHOM OTHOCHUTEJNBHO 3E€MJIM CaMOJIETE€ MAaKCUMaJbHOE 3HAYCHUE
YCKOPEHHS, PpPaBHOE IIEHTPOOCKHOMY  YCKOPEHHIO. AKCEIepOMETp K€,
OPUEHTHUPOBAHHBIM Ha BOCTOK-3amaj] U3MEPSET HYJIEBOE YCKOPEHHE, MOCKOIBbKY
€ro OCh MEePIEeHIUKYIISIPHA [ICHTPOOESKHOMY YCKOPEHHUIO.

MponnaTtdopma
C akcenepomeTpamu

y.6

Puc. 8.20. K onucanuio rupoKoMIiacCupoBaHus

Ecnu xe rupornardopma HE OpUEHTHPOBaHA 1O Mepuauany (cM. puc. 8.20,
MOJIOKEHUE 2), TO KaXIbI aKCceIepoOMETp HU3MEpsSeT YCKOpEHHE, BEINYMHA
KOTOpPOTO 3aBUCHUT OT yrja, MOJ KOTOPhIM OH pAacCIloOJiOKeH K MEpHUIuaHy.
Crnensimas cucrema no uHdopMauu 00 U3MepsieMbIX YCKOPEHUSIX pa3BOpaunBacT
rUpOIUIaTopMy COOTBETCTBYIOIIMM 00pa3oMm, MPUBOMAS €€ B MoJioxkeHue 1, To
€CTh, OPUCHTHUPYS 110 MEPUJIUAHY.

[Toxa BC sBnsercs emie HENOABMKHBIM aBTOMATHUYECKU OMPENCIACTCS U
BeJIMUMHA Apeiida (CKOPOCTH yXxo0/1a) TUPOIIaTGOpPMbI U3 TIIOCKOCTH TOPU30HTA U
B a3uMyTe. DTH 3HAUYCHUS JPEH(OB YUYUTHIBAIOTCS BBIYUCIUTENIEM B TOJETE IS
MOJIy4eHHs 00JIe€ TOYHBIX BETMYMH YCKOPEHUH 0 OCSIM KOOPAHHAT.

Coxpanenue no10CceHUA 2uponaamdopmel. OpuenTanus
TUpOIUIaTGOPMBI TIO MEpUJIMaHy M B TOPU3OHTAJIHLHOM TUIOCKOCTH JOJIKHA
COXPaHSThCS Ha BCEM MPOTsHKeHUM noJieta. Ho, mockonbky 3emulst Kpyrias, u3-3a
nepeMenienns BC, a Takke n3-3a BpalleHUs 3eMJIU  TOJ0KEHUE TOPU30HTABHON
IJIOCKOCTA W HANPABJICHUE TEKYIIEr0o MEpUIuaHa MEHSIOTCS. [ MpOCKOIbI ke
YACPKUBAOT TUPOIUIATHOPMY B HEU3MEHHOM TMOJIOKEHUHW B HWHEPIUAIBHOU
CHUCTEME KOOPJMHAT WJIH, IIPOIIEe TOBOPS, OTHOCUTEILHO 3Be3/1. ECiin B HauabHbBIN
MOMEHT ruporuiatrdopma Obljia TOPU3OHTAIHHOM, TO TIPU NIEPEMEIIEHUN CaMoJieTa
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OHA, COXpaHss MOJIOKEHHE B MHUPOBOM MPOCTPAHCTBE, BBIMAET W3 MIOCKOCTH
TEKYLIEro TOPM30HTA U OTKJIOHUTCA OT Hee Ha HeKOTophii yrona O (puc. 8.21).

'vponnardopma

Puc. 8.21. Beixon rupomnaT¢hopMbl U3 TOPU3OHTAIEHOTO MOTOKCHHS

Kazasnoce Obl, s yaepkaHusi THpOIIaTGOPMbl B TOPU3OHTAIBHOM
MOJIO)KEHUU MOKHO HCIOJIB30BaTh yCTPOMCTBO, HAmogoOue KUAKOCTHOTO
NEPEKIIIOYATENs] B MEXaHU3ME TOPU30HTAIBHON KOPPEKLUMU B THPOCKOIMMYECKUX
npudopax. OgHAKO 3TO HE TaK, MOCKOJIbKY TaKOM MeXaHU3M Ipu yckopeHusx BC
OpUBOIMII Obl THUPOIIATPOPMY K MHUMOM TOPU3OHTAIBHOW INIOCKOCTU U K TOMY
e He MrHOBeHHO. (CienoBaTelbHO, U YCKOPEHHUs OyAyT H3MEpATbCA HE IO
HY’KHBIM HaITPaBJICHUSM.

MoxHo Buuetb (cM. puc. 8.21), yto yroa 0, Ha KOTOPBIM OTKIOHWJIACH
rupormiatpopMa OT FTOPU30HTA, PABEH LIEHTPAIBLHOMY YIIIy, CTATHUBAIOIIEMY YTy
Ha 3€MHOM INOBEPXHOCTH, BIOJb KOTOPOH JIETEN CaMOJET (3TO YIVIbI C B3aHMHO
NEPIECHIUKYIAPHBIMA CTOpOoHaMu). JlmuHAa S 3TOW AYrHM OKPYKHOCTH, TO €CTh
IPONAECHHOE CaMOJIETOM PACCTOSIHUE, WHEPLUUAIBHON CUCTEME M3BECTHA — BENb
OHAa OCYILECTBIIICT CYUCIICHHE KOOPAUHAT. Tor/1a BEIpa)KEHHbBIN B pajnaHax yrou 0
paBeH:

==, (8.7)

rae R — paauyc 3emiu.

Takum oGpazom, Berurciurens MHC HenpepsIBHO paccUuThIBaeT yroua 0 u
clenAIas CUCTeMa pa3BOPAauyMBAET TUPOILIaTGOpPMy Ha 3TOT yroja Tak, 4TO OHA
OCTAETCA B TEKYILIEH TOPU3OHTAIBHOU MIIOCKOCTH.
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AHajoruuHeIM oOpa3oM TiaThopMa YACpKHUBACTCS M B HaIPaBJICHUU
MCTUHHOTO MepuaraHa. PasymeeTcs, pyu 3TOM YUYWTHIBAETCS W BpalleHUE 3eMIIU
BOKPYT CBOEH OCH.

Hozcpewnocmu HHC. Kak u mo6as cuctema cunciienus nyta MHC umeer
MOTPEIIHOCTH, BBI3BAHHBIE, C OJHON CTOPOHBI, HETOYHOW YCTAHOBKON HayaJlbHBIX
KOOPAMHAT, a C APYroil, — HETOYHBIM U3MEPEHUEM MAPAMETPOB ABMKEHUS. Kak u'y
10001 CUCTEMBI CUUCIICHHS MOTPEUTHOCTH OMPEEICHUs] KOOPAUHAT BO3PACTAIOT
Ha MPOTSKEHUH T10JIeTa

Kazanoce Obl, ocHOBHOW mpuumHod HeTtouHoctd WMHC momkHBI OBITH
IIOTPEIIHOCTA  M3MEPEHUs  aKcenepoMmeTpamu  yckopeHud. Ho, kak yxe
OTMEYAJIOCh, COBPEMEHHBIE AKCEIEPOMETPBI JOCTATOYHO TOYHBI U BOBCE HE OHMU
ABJISIIOTCSL OCHOBHOM mpoOsiemoil. B Tpanunmonnsix THC naunbonbimmii BKiIaa B
OOIIYIO MOTPEIIHOCTh BHOCUT COOCMBEHHDIL YX0O 2UPOCKON08, CTA0MIN3UPYIOIINX
mwiaTgopMy. ITOT yXOJ TOpa3o MEHbIe COOCTBEHHOTO YX0Jla THPOCKOMUYECKUX
KYpPCOBBIX IPUOOPOB U COCTABIISIET JI0JIM IPagyca B 4ac, OJAHAKO U 3TO MPUBOAMT K
CYLIECTBEHHBIM IOTPEIIHOCTAM. Beap B pe3yiaprare Takoro yxoza OCH
aKCEJIEPOMETPOB OKAa3bIBAKOTCS HETOYHO HAIPABICHHBIMU II0 OCSM CHCTEMBI
KOOpAMHAT (IO MEpUAMAaHy M TMapajljiesii), M HU3MEPEHHbIE YCKOPEHHUS He
COOTBETCTBYIOT (PaKTUUYECKUM YCKOPEHMSIM IO 3TUM HalpaBieHusM. Uem nosiblie
JUINTCS TI0JIET, TeM OOJIbLIE YXOJIUT ruporuiargopma, TeM OoJiblIe NOTPEeIIHOCTH
MU3MEPEHUS YCKOPEHHI, a, CIIEOBATEIBHO, U CKOPOCTEN, U KOOPAUHAT.

Ho y norpemnocreir MHC, B oTiiune OT APyrMX CUCTEM CUHCIICHHS, €CTh
XapakTepHass  MHTEpecHass  OCOOEHHOCTh —  IOIPEIIHOCTH  BO3pPACTaloT
HEpaBHOMEPHO. PaccmMoTpum, mouemMy 3T0 IPOUCXOIUT.

JlomycTuM, 4TO Npy TOPU30HTUPOBAHUH THPOILIaTGopMa Obljla BHICTABICHA
HETOYHO M COCTaBJIsIA YTOJI V K INIOCKOCTH ropu30HTa (puc. 8.22).

I'opusonranbHas
IUIOCKOCTh

Puc.8.22. TlorpemrHocTs M3-3a HETOYHOTO TOPU30HTUPOBAHUS

B sToM ciyuae BMecTO (PaKTHUECKOrO yCKOpEHHUs & OyaeT h3MepeHa ero
NpOeKIMs Ha OCh aKcelepoMmerpa a,,,. CremoBarenbHO, YCKOpeHHEe Oynaer
M3MEPEHO C MOTPEIIHOCThIO 4a=a,,;,— a.

N3-3a 3TOM MOTPENIHOCTH TIOCIIC UHTETPUPOBAHUS U3MEPEHHOTO YCKOPEHUS
¢ norpemHocThi0 AW OyaeT paccunTaHa CKOpPOCTh, a MOCJIE MHTETPUPOBAHUS
CKOPOCTHU Y TIPOUIEHHOE PACcCTOSTHUE OY/IET PACCUUTAHO C TIOTPEIIHOCThI0 AS.

Ho Benb ¢ mOMOIIBI0 3TOTO pacCTOSTHUS, KaK ObLIO MOKAa3aHO, ONPEACIISIeTCS
yroia 6, Ha KOTOpbIH HEOOXOJUMO JOBEPHYTH TUPOTUIAT(HOPMY ISl IPUBEACHUS €€
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B TpaBWIbHOE TMoJyiokeHue. CrenoBaTeNbHO, W 3TOT yroa OyJeT paccuuTaH
HETOYHO, IiaTdopMa OyaeT MOBEpHyTa HE HA TOT YroJi, Ha KOTOPBIM HEOOXOIUMO.
Yron v, moa KOTOpbIM TNEpBOHAYAIBHO THpoOIUIaTpopMa Oblla HAKJIOHEHA K
rOPU30HTY, U3MEHUTCS. COOTBETCTBEHHO M3MEHUTCS U MOTPEIIHOCTh U3MEPEHUs
YCKOPEHHUSI, pacyeTa CKOPOCTH, IPONUJIEHHOTO PACCTOSIHUS, YTO CHOBA MPUBEET K
U3MEHEHHUIO YIJIa yCTaHOBKU Iutatr@opmbl v. Ilomydaercs 3aMKHYTBIA Kpyr, B
KOTOPOM U3MEHEHHE BCEX BEIIMYMH B3aMMOCBSI3aHO.

[Ipoecc u3MeHEHHMsT B TMOJETE yraa Vv  MOXET ObITh ONHCaH
mudepeHIMaTbHBIM YpaBHEHUEM, KOTOpPOE 37eCh HEe MpHUBOAUTCS. Perienunem
3TOTO YpaBHEHUS SBIETCA TMEPUOAMYECKAass CHUHYCOWJalbHas (QyHKIUA. ITO
O3HAUYaeT, YTO HAKIOH THPOIUIaT(HOPMBI K TOPU30HTY OYIET B IMpoliecce mojieTa
MEHATHCS [0 CUHYCOMJIE, TO €CTh CTAHOBUTHCA TO Ooublle, TO MeHble. [lepuon
3ToN (yHKIMU cocTaBisieT T,=84,4 MUHYTHI U Ha3bIBaeTCs nepuodom Lllynepa B
4ecTh HeMelKoro mHxeHepa Makcumuimana [lynepa (1882-1972). Benuuunna
nepuona Illynepa sBisgeTcs KOHCTAHTOW IS Hallled IUTAHETHI, MOCKOJIbBKY OHa
3aBHCHUT TOJBKO OT pajuyca 3eMJd M yCKOpeHHus cBoOoaHoro najaenus ¢. Ecium
MPEAICTaBUTh ceO0€ MasTHUK C HUTHIO JUIMHOW, PaBHOU paauycy 3eMiu, TO OH UMe
Ob1 mepuon konebanmit T, Taxoit >xe mepuox oOpamieHuss UMeENT Obl
UCKYCCTBEHHBI CIYTHHUK 3€MJIHM, €ciii Obl €ro yAajJoch IYCTUTh Ha HYJIEBOM
BBICOTE HaJ] CaMOil TOBEPXHOCThIO IUIaHeThl. Ha camoMm pnene 3To0 crenarts,
KOHEYHO, HEBO3MOKHO M3-3a HAJIMYUS aTMOC(EPHI.

C Takum xe nepuogom llynepa, ¢ KOTOpPbIM MEHSAETCS YIroj HaKJIOHA
rUporuiaTGopmMbl, OyIyT HM3MEHSTHCS M TOTPEHIHOCTH H3MEPEHHS YCKOPEHHH,
CKOpocTel, paccrosiHuil. Takum 00pa3oM, MOTPENTHOCTH OyAYT BO3pacTaTh M3-3a

yX0Ja THPOCKOMNOB, HO TAKXE MMETh M IMEPUOJUYECKYIO COCTABISIOLIYIO (pHC.
8.23).

AS
A

Tw

Puc. 8.23. Ilepuon llynepa

Bcenencreue BO3pacTaHMs IOIPEIIHOCTEW MHEPLUUAIBHBIE CUCTEMBI, KaK U
JO00bIE  CHUCTEMBbl CUMCIECHUS MyTH, TPEOYIOT MEePUOAMYECKON KOPPEeKIUU
CUMCJICHHBIX KOOPJAMHAT C MOMOIIbIO 00JI€€ TOYHBIX TEXHUUYECKUX CPEACTB.

Y  coBpemennbix HMHC cpegnsis  KBagpaTuyeckas  IOTPELIHOCTH
onpeeNneHus: KoopauHat coctaisieT 3-4 Mmopckux Muid 3a 10-11 4 nonera (6e3
KOPPEKIUN).
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8.8. beciiargopMeHHbIe HHEPUHMAJIbHbIE HABUTALUOHHbIEC CHCTEMBbI

Ha  nporsskeHuM — MHOTHX — JIECSATWICTHH — yCWIMS ~ HHXXEHEPOB,
paszpabateiBaBnx TpaguimonHsie MHC, ObutM HampaBieHbl Ha YMEHbILICHHE
COOCTBEHHOI'0 yX0J/ia TUPOCKOIOB, yAECPKUBAIOIIMX TUpoIiaTGopMy B 3aJaHHOM
nosioxkeHuu. HemnpeppiBHOE COBEPIICHCTBOBAHUE KOHCTPYKLIMHM, MEPhI IO
YMEHBIIECHUIO TPEHUSI B OCSIX KapJaHOBBIX MOJBECOB M JIaXKe M300peTEeHNE HOBBIX
BHUJIOB TUPOCKOMOB (SI€PHBIX, C KUIKOCTHBIM poTopoM u Jp.) aAenaiu MHC Bce
JIOpPOKE W CII0)KHEE, HO HE MPUBOAWIM K CYHIECTBEHHOMY IOBBIIICHUIO HX
TOYHOCTH.

B navane 60-x romoB ObLT M300peTEH MPUHIUI PabOTHI TaK HA3bIBAEMBIX
JIA3EePHbIX  2UPOCKONO8, TIUPOKOE BHeApeHue KoTopbix (cmycts 20-30 1ner)
MO3BOJIMJIO PEUIUTh MHOTHE MpoOJembl. «JlazepHbIit THPOCKOM» — HE KOPPEKTHOE
Ha3BaHUE, MOCKOJIbKY 3TO YCTPONUCTBO BOBCE HE SIBJISETCS TUPOCKONIOM, B HEM HET
ObICTpOBpaIaloImUXcsi 4Yacteil. HaspiBaeTcss  OH Tak TOJBKO TOTOMY, 4YTO
NpeAHa3HaueH [JIs pElIeHUsT TOW K€ 3ajJayd, g KOTOpPOMl MpeaHa3HayeH
rupockon B TpaaunmonHoil MHC, — onpenenennss HamnpaBieHU B MPOCTPAHCTBE
(Bepx-HHU3, CEBEP-IOT, BOCTOK-3aI1a]) HE3aBUCUMO OT yTI0Boro noyoxxenus BC.

NHC, ocHOBaHHBIE Ha MCIOJIb30BAHUM JIA3€PHBIX TMPOCKOIOB, HA3BIBAIOT
becniamgopmennvivu uHepyuairohvimu cucmemamu (BMHC), mOCKONBbKY B HUX
OTCYTCTBYET TUpoIuiaropma, KOTOPYI0 HEOOXOAMMO YAEpPKUBATH B TpeOyemMoM
MOJIOKEHUHU. AKCENIEPOMETPHI B TAKUX CUCTEMAX KECTKO 3aKpPEIJIEHbI HA CaMOJIETe
Y HallPaBJICHBI IO €r0 CTPOUTENBHBIM OCSIM (BIIEpEN, BIPABO, BBEPX).

KonbiieBoit azepHblii TUPOCKON MPEACTABISIET COOOM CIOKHBIM KBAHTOBBIN
ONTUKO-MEXaHUUYECKUU MPUOOp, BKIIOUAIOMINI B ce0s jazep, CUCTEMY 3e€pKal U
YIPABJISIIOIIUE 3JIEKTPOHHBIE CUCTEMBI.

OnTuyeckuii KBaHTOBBIN TeHepaTop wiu jiasep (anri. laser, cokp. ot Light
Amplification by Stimulated Emission of Radiation — ycuienue cBera
TIOCPEAICTBOM BBIHYXJICHHOTO W3JIyYCHHsI), — 3TO YCTPOWCTBO, MCIIOJB3YIOIIEE
KBaHTOBOMEXaHUYECKHM A(G(EKT BBIHY)KICHHOTO  W3IyYCHHs ISl CO3JaHUs
KOT€PEHTHOI'0, MOHOXPOMAaTHYECKOr0, MOJIIPU30BAHHOTO M Y3KOHANPaBJIECHHOIO
MOTOKa M3Iy4YeHUs. B oTnuyme OT OOBIYHOTO MCTOYHWKA CBETA, U3IYYaroIlero
OOBIYHO  HENbI CHEKTP YacTOT, Jla3ep H3Iy4yaeT Ha CTPOro ONpeneseHHON
4acToTe.

JlazepHblii TUPOCKOIN HA3bIBAETCS KOJIBLIEBBIM, IOCKOJBKY JIyd B HEM,
OTpaXxasich OT 3€pKaJl, MPOXOJUT MO 3aMKHYTOMY KOHTYpPY B (hopMe KBajpaTa UiH
TpeyroyibHuKa (puc. 8.24).


http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%92%D1%8B%D0%BD%D1%83%D0%B6%D0%B4%D0%B5%D0%BD%D0%BD%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9A%D0%B2%D0%B0%D0%BD%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B3%D0%B5%D1%80%D0%B5%D0%BD%D1%82%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D0%BE%D1%85%D1%80%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%B8%D0%B7%D0%BB%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%8F%D1%80%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F

NcTouHuK
cBeTa

[etekTop
Puc. 8.24. JlazepHblii THPOCKON

IIo xKonbIIEBOMY KOHTYpPY ITPOXOASAT J1Ba JIyda Jla3epa B IMPOTUBONOJIOKHBIX
HaIIpaBJICHUAX HABCTpedy APYr Apyry. Ecim Bcs 3Ta cucTeMa Jazepa M 3epKaj
HENOJBMKHA B MHEPIHMAIBHOM CHCTEME OTCYeTa, TO YacTOThl 00OMX JIyueH,
BOCIPUHUMAEMBbIE JETEKTOpOM, OyAayT oauHakoBbl. Ho ecnm sta cucrema Oyner
BpalaTbCsl BOKPYI OCH, NEPIECHIMUKYJISPHOU IIJIOCKOCTH TPACKTOPHUH JYy4EH, TO
U3MepsieMble YacTOThl JIyuei BcienctBue s dekra Jlomiepa OyayT pasziauydarbes,
IpUYeM, TEM CUJIbHEE, 4YeM OOoJblle YrioBas CKOPOCTh BpalleHud. Takum
00pa3oM, ¢ nOMOWBIO AA3EPHO2O 2UPOCKONA MOIHCHO USMEPUMb Y2T08VI0 CKOPOCHIb
spawenusi. B BUHC ncnonp3yercs Tpu TakuX JIa3€pPHBIX TUPOCKONA, U3MEPSIOIINX
YTJIOBBIE CKOPOCTH BpAIlEHHsI BOKPYT TPEX MEPIEHIUKYISPHBIX oceil (puc. 8.25).

Puc. 8.25. MoH0O0K U3 TpeX B3aUMHO MEPIICHIUKYIISIPHBIX TPEYTOJIbHBIX
Ja3epHBIX TUPOCKOTIOB
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[Tockonpky B /110001 MOMEHT BPEMEHHM M3BECTHA YIJOBas CKOPOCTh, TO B
000K MOMEHT MOYKHO PacCUUTaTh Yroj, Ha KOTOPBIH MOBEPHYJIACh CUCTEMA I10
CPAaBHEHHUIO C IIEPBOHAYaIbHBIM IIOJIOKEHUEM. Benp yriosas CcKoOpocTh —
IpOu3BOAHAs (CKOPOCTh M3MEHEHUs) yria nosopora. CienoBaTenbHO, caM Yo
MO>KHO OIIPEIENIUTh IIyTEM MHTEIPUPOBAHUS YIVIOBOK CKOpOCTH. OCyIIEeCTBIsAETCA
Kak Obl CUMCJIEHHE yTJIa IOBOPOTa. DTy 3a/1auy HENPEPHIBHO PEIIAET BHIUUCIUTEID
BMHC.

Ecniu B HayanbHBII MOMEHT BpeMEHHM OBLIO HM3BECTHO, KaK HaIlpaBJICHbI
ctpoutenabHble ocu BC W OpHEHTHpPOBaHHBIE MO HHUM AaKCEJIEPOMETPHI IO
OTHOUIEHUIO K 3€MHOW CHCTEME KOOpPAMHAT (K TOPU3OHTAJbHOM IUIOCKOCTH, K
HaIlpaBJICHUIO Ha CEBEP), TO IO PACCUATAHHBIM yIiaM IIOBOPOTa MOYKHO
OTNPEECTUTh WX OPHUEHTAIMI0 B JIOOOW TEeKylIMil MOMEHT BpeMmeHH. OcraeTcs
TOJIBKO TEpPEeCYUTaTh HU3MEPEHHBbIE YCKOPEHHs B  CBSI3aHHYIO € 3emiell u
NOBEPHYTYI0 OTHOcUTENbHO BC mpsAMOyroiapHyr CHCTEMY KOOpAMHAT. Takum
obOpa3oM, kak u B TpaauunoHHbIXx MHC, oka3biBalOTCSI U3BECTHBIMU 3HAYCHMS
YCKOPEHHH 110 HAIIPABJICHUAM CEBEP-10T, BOCTOK-3a11a]], BEPX-HU3.

OtcyrctBue B BUHC rupomnatgopMmel, Bpaliaromuxcsi THPOCKOIOB U
CBSI3aHHBIX C HUMH Hpo0JieM MO3BOJIWIO CJENaTh 3TO YCTPOMCTBO OoJee
KOMIakTHeIM (puc. 8.26). JlanpHeilliee COBEPIICHCTBOBAHME TEXHUKU U
texHonoruu caenanu bBUUHC u Gonee nemeBbiMu, U 60s1ee TOYHBIMU. J[OCTHXKEHNE
eme Oosiee BBICOKOW TOYHOCTH JIA3€PHBIX THUPOCKOIIOB CHEPKUBACTCS IIOKA
ABJICHUEM «3axBaTa Jy4yenW», TO €CTb B3aMMOJEUCTBHEM BCTPEUYHBIX JIy4el,
KOTOpPO€ IIPUBOJIUT K PACCEUBAHUIO CBETA.

BniosiHE BEPOATHO, YTO CTPEMHUTEIBHOE PA3BUTHE HAYYHO-TEXHHUYECKOTO
mporpecca INMpUBEAET K BHEAPEHUIO HOBBIX CHUCTEM, OCHOBAHHBIX Ha IIOKa HE
UCIIOJIb3yeMbIX B  aBHallMM npuHUunax. Hanpumep, yxke pa3paboTaHbl
KOMIIAKTHBIE JATYMKA YCKOPEHUW W BpPALICHUN, OCHOBAaHHBIE HAa IPUMEHEHUU
AIIEKTPUYECKH 3apsDKEHHOM KUAKOCTU € (PeppOMArHUTHBIMU CBOMCTBaMH (pHC.

8.27).

Puc. 8.26. OteuectBennblii Ja3epHsbiil rupockon KM-11-1A
(paxTuueckuii nuamerp okoJio 13 cm)
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Puc. 8.27. JlaTunk yCKOpEHH U YTII0OB TOBOPOTA MO TPEM OCIM

8.9. Xapakrepucruka UHC, npuMeHsieMbIX B IPasKIaHCKOI aBHAIUA

Hcemopusa npumenenus HHC ¢ zcpancoanckoui  aguayuu. Victopus
WHEPIUAJIBHBIX CHCTEM JJIi HABUTallMM Hayajlacb BO BpeMs BTOPOMl MHPOBOM
BOIWHBI, KOT/Ia B TUTJIEPOBCKOM ['epmanuu 1o pykoBoacTBom Bepnepa bpayHa
st paketel V-2 (pay 1aBa) ObuT0 pa3pabOTaHO HHEPIIUATBHOE YCTPOWCTBO
HABEJICHMUSL.

MHoroJjieTHEe pa3BUTHE MHEPIUATBHBIX CUCTEM MPUBEIO K UX IIUPOKOMY
WCIMOJIb30BAaHUIO B CHUCTEMax BOOPYKEHUM, MOPCKOW, BO3AYIIHOW, a 3aTeM U
KocMuueckod HaBuranuu. OpHOW W3 TEpBBIX M B CBOE BpeMs Haubosee
pacrmpoctpaneHHbIX 3a pyoeskom MHC nmist rpaknanckoi aBuanuu Oblia cucTeMa
Henxo Kapycens (Delco Carousel) xomnanmm Delco Electronics. Ota MHC
aHAJIOTOBOTO THUIA C THPOIUIATQPOPMON  TMO3BOJISATIA OMNPEACNSITh OCHOBHBIC
IapameTpsl MoJeTa, IporpaMmMupoBaTh KoopauHatel [11IM v BEIONMHATH MOJET OT
OJIHOTO U3 HUX K APYTOMY.

B mHacrosimee Bpemsi 3a pybexxom HMHC pnst rpaxkpaHckol aBuanuu
BBIITYCKAIOT pa3nnynbie ¢upmbl, Hampumep, Northrop Grumman Corporation,
Honeywell u npyrue.

B CCCP nepsoit UHC aist rpaknanckoit aBuariuu onuia cuctema M-11. 9to
tpaaunonHas MHC ¢ ruponnatrgopMoil M BBIUMCIUTENEM AHAJIOTOBOIO THIIA.
Ona ycranaBnuBanachk B 70-e ronasl Ha camosetax Mn-62, uroObl oOecrneunBaTh
nepener yepe3 ATIAaHTUYECKMH OKeaH B AMepuKky. IIOCKOJIBKY B OKeaHe HeT
Ha3€MHBIX PaJUOMAasikOB, B 3TOM PETHMOHE CUCTEMbl CUHCIICHHS IMYyTH SIBISIOTCS
OJIHUM W3 OCHOBHBIX cpeAcTB HaBurauuu. Ilonmetei B CeBepHOM ATiaHTUKE
BBITIOJTHSIOTCSL HE 1O (PUKCHPOBAaHHBIM BO3IYIIHBIM TpaccaM, a M0 MEHSIOIIUMCS
BBl B CYTKHU JIMHUSM 33/IaHHOTO ITyTH, Ha3bIBaeMbIM Tpekamu. Konduryparus
TPEKOB PACCUUTHIBACTCS HMCXOJSl U3 PACHpPENICIICHHs] BETpa B 3TOM PETHUOHE, a
paccTosiHue MEXIy  MapauleibHbIMU  TpeKaMu (HOpMa OOKOBOTO
AIIEIOHUPOBaHMs ) cocTaBisieT 111 kM.
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N-11 obGmamana HEBHICOKOW TOYHOCTHIO. 3a CEMb YacOB MepesieTa 4depes
OK€aH CpelHsAs KBaJgpaThueckas TOTPEIIHOCTh ONpEeTICHUs] KOOpAUHAT
cocTaBisia 37 KM, YTO CIMIIKOM MHOTO JaXXe MPHU CTOJb 3HAYUTEIILHOM HOpME
OOKOBOTr'O JIIEJIOHUPOBaHUSA. BrociaeAcTBUU i TOBBINICHUS HAAECKHOCTH Ha
OopTy cramu ycrtaHaBinuBarth JaBe oauHakoBele MHC. Opnako BcienctBue
oonpmoro yxona 3tu MHC mokaspiBaii CyIIECTBEHHO DPa3jMYHbIE KOOPJIUHATHI
MC u nosToMy OCTaBajOCh HEACHBIM, KaKMe M3 HUX OoJiee MpaBWIbHbBIC, IJ€ Ha
caMoM JieJIe HaXOAUTCs caMouieT. Toraa crajiv ycTaHaBlIMBaTh OJTHOBPEMEHHO TPH
MHEpLUAaJIbHbIE CUCTEMBI, YTO MPUBEJIO K CYIIECTBEHHOMY M3MEHEHHUIO CUTYallUu.
Teneps, eciiv Bce TpU CUCTEMBI TTOKA3bIBAIOT MPUMEPHO OJIMHAKOBBIE KOOPIUHATHI,
TO WX MOXHO OCPEIHUTH M MOJY4YUTh OOJiee TOUHOE MecTO camosera. Ecmm ke
noka3zanusi 1Byx WHC mnpumepHo coBmajmaioT, a TpeThs CHCTEMa BBIIAET
CYLIECTBEHHO OTJIMYAIOIIKUECS KOOpPAMHATBHI (M3-32 OOJBIIOrO yXoJa WU
YaCTUYHOT'O 0TKa3a), TO €€ JJAHHBIE /IS OCPEHEHUSI HE UCTIOJIb3YIOTCS.

HeoOxomumo  3ameTruTh, UTO TakoM TMOAXOA, Korgja Ha Ooprty
yCTaHaBJIMBAIOTCS TpU OAMHAKOBbIX KoMiiekta MHC, mpumensiercst mo ceit eHb
U B COBPEMEHHON OTEUYECTBEHHOM M 3apyOeXKHOM HaBWUraiuu. JlaHHble OT Bcex
TpeX cHCcTeM 00paldaThIBAIOTCSI OOPTOBBIM BBIYMCIUTENEM JJIA MOJy4YeHUs: Ooliee
TOYHOMN U HAJECKHOU HH(MOpMAIUH.

OTtedecTBeHHAs: TEXHUKA COBEPIICHCTBOBalach, U Ha cMeHy M-11 mpuiia
oonee Tounas M-11-1, a 3arem M-21, pazpaboranHbie B MOCKOBCKOM HHCTUTYTE
ANIEKTPOMEXaHUKHU U aBToMaTuku (MUDA).

N3-3a orpannyeHHbIX Bo3MoxkHOcTel mardopmennbix MHC Benacek paborta
u Haj OecmiarpopMmeHHbIMU cucteMamu. B 1984-1991 rr. B MUDA Obuia
paspaborana mepBas otedectBeHHass BIHC M-42-1C Ha ma3epHBIX THPOCKOMAX.
ToyHOCTH ompeneneHuss KOOPAUHAT ITOW CHCTEMOW XapaKTepu3yeTcs CpeaHei
KBaJIpaTMUECKOIN MOTPEIIHOCTHIO B 0JIHY MOpcKyto Muito (1,85 km) 3a yac mosnera,
YTO COOTBETCTBYET MEXIYHApOJIHbIM TpeOoBaHusiM. M-42-1C BXoauT B cOCTaB
MITATHOTO HABUTAIIMOHHOTO 000pyaoBanusi camoisietoB Nin-96-300, Ty-204.

Opnnako nazepubie tupocknbl KM-11-1A (paspabotrka HIIO «Ilomrocy),
ucrionibdyembie B U-42-1C, ycrymanum B jABa-Tpu pasa 1o rabaputram u
HHEPTrONOTPEOICHUIO aHAJIOTUYHBIM 3apYO0EKHBIM TUPOCKOTIAM, o3ToMy B MDA
OblT pa3paboTaH cOOCTBEHHBIN Ja3zepHblii Tupockon JI[-1 u Ha ero ocHoBe
nHepunanbHas cucrema bBHWHC-85, kotopas MOXKET yCTaHAaBIMBATBCS Ha
OTEUYECTBEHHBIX NepcrneKTUBHBIX camounetax (Ty-334 u npyrux).

Ha camomerax MWn-96-300 m Ty-204 paspemeno Bmecto €M-42-1C
ucnoip3oBath ameprukanckytro BUHC LTN-90-100 npousBoactea ¢upmer Litton,
kotopas B 2001 r. Bomuia B cocrtaB kopmoparuu Northrop Grumman. Dtum
pa3peuieHueM BOCIOJIb30Bajlach B YaCTHOCTH aBUAKOMIAHUA —«A3poduioT-
Pocculickne aBruanmHum.

Hapamemput, onpedensemoie ¢ nomouwpto HHC. VnepunanbHble CHCTEMBI
npeIHa3HaYeHb! ISl OIpeiesieHHs] KOOpAUHAT MecTa camoiieta. Ho B mponecce ux
OTIPEICTICHUSI MOXHO TIOJIYYHTh 3HAYEHHs] MHOTHX JIPYTUX [apaMeTpoB,
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HEOOXOMMMBIX JUIsi HaBuranuu. [lepedncinM OCHOBHBIE M3 OTHUX MapamMeTpOB H
paccMOTpUM, KaKuM 00pa30oM OHU MOTYT OBbITh MOJTYYEHBI.

1. Kypc, kpen u maneasxc. ITO TapameTpbl, OINPEACISIONINE YIIIOBOE
MOJIOKEHHE CaMoOJIETa OTHOCUTENIbHO Tpex oceid. B  tpamummonnsix HMHC
ruporuiatpopMa CTaOWIM3UpPOBaHA 1O MEpPUAMAHY W B TOPU3OHTAIBHOM
IJIOCKOCTH, MO3TOMY HE COCTAaBIISIET TPYAA ONPEACIHTH YIiIoBO€ mnonoxenne BC
OTHOCUTEJIBHO THUPOIIIAT(GOPMBI, TO €CTh TPU IMEPEUYMCICHHBIX Napamerpa. B
OecriaTOpMEHHBIX  CHCTEMax JTH IMapaMeTPhl  PACCUUTHIBAIOTCS  ITyTEM
WHTETPUPOBAHUS YTJIOBBIX CKOPOCTEH.

NHC HenmocpeACTBEHHO W3MEPSIET UCMUHHBIL KYpPC, TO €CTb KypC
OTHOCHTEJIBHO TEKyIIero reorpaduueckoro Mepuauana. Ho, moCcKoabKy TEKyIIHe
CUMCJICHHBIE KOOPAWHAThI BCETJa W3BECTHBI, Berunciautens HWHC  (umm
LEHTPAJbHbIA BBHIYUCIUTEIh HABUTAIIMOHHOTO KOMILJIEKCAa caMmoJyieTa)  MOXKET
paccuuTaTh W OPTOJPOMHYECKHMH KypC  OTHOCHUTENIBHO JII0OOr0 OIMOPHOIO
HaIlpaBJICHUS.

B namsaru coBpemennbix MHC xpaHuTCs MOJI€]Ib MATHUTHOTO TOJISI 3€MJIH,
C MOMOILbIO KOTOPOW BBIYUCIUTEND MOXKET paccuumams MarHUTHOE CKJIOHEHUE B
TOYKE pacIloioKeHus1 camolieta. Torga cucrema MOXKET ONPENESIUTh U MAaTHUTHBIN
KYpPC, BBIUTSI MATHUTHOE CKJIOHEHUE U3 U3MEPEHHOT0 HCTUHHOTO Kypca.

Y coBpemennbix BMMHC mnorpemHocTd omnpeneneHus KpeHa M TaHraxa
cocrapimsror  0,05-0,1°, a wmcruHHOro Kkypca okono 0,4°. IlorpemHocTs
OMpEICJICHUS] MArHUTHOT'O Kypca 3aBUCHUT €lIe U OT TOUHOCTU MOJIESId MArHUTHOTO
TMOJISL U COCTaBIAET nopsiaka 1-1,5°.

2. Venoswie crxopocmu uzmenmenus Kypca, KpeHa, maueaxca. B
oecriaT)OPMEHHBIX CHCTEMAax 3TH IMapaMeTpbl HEMOCPEACTBEHHO HU3MEPSIOTCS
Ja3epHbIMU THPOCKONaMu (C morpemHocteio mnopsaka 0,1° B cekyHay), a B
tpaaunonHbix MHC npu HEoOXOoauMOCTH MOTYT OBITH TMOJIYYEHBI PAcUYE€THBIM
MyTEM.

3. Vckopenus camonema no mpem nepneHOUKYIApHLIM ocam. B
tpaguuuoHHblx MHC yckopeHuss H3MEpSAIOTCS MO0 OCAM 3€MHOW CHUCTEMBbI
KOoopJMHAT (Ha ceBep, Ha BOCTOK, BBepX), a B BUHC — no crpoutensubiM ocsim BC
(Bmepen, BMpPaBO, BBEPX) M 3aT€M INEPECUUTHIBAIOTCS B 3€MHYIO CHUCTEMY
KOOpAMHAT. 3HAYEHUS YCKOPEHHM HUTAE HE WHIULIUPYIOTCS, a TOJBKO
UCIIOJB3YIOTCS JIsl JaTbHEHIIIUX pacueTOB.

4. Ckopocmu nepemewenuss BC no mpem ocam 3emuou cucmemvl
koopounam: Ha cesep Wy, Ha Boctok Wg, BBepx W, . Pasymeercs, ckopocTw,
KaK U YCKOPEHHSI MOTYT ObITh (haKTMYECKH OBITh HAIpaBJ€HbI W Ha IOT, 3amaj,
BHU3 — O3TO OTPa3UTCS B 3HAKE MEPEUUCICHHBIX CcKopocTei. llorpenrnoctu
OTPENICJICHUS] TOPU3OHTATBHBIX COCTABJISIONIUX CKOPOCTH COCTABIISIOT €IWHUIIBI
KIJIOMETPOB B 4ac, a BEPTUKAILHON CKOpOCTH Topsiaka 0,2 m/c.

5. Ilymesas ckopocmov W. ITOCKONBKY COCTaBISIOIIME IyTEBOM CKOPOCTH
U3BECTHBI, TO M TyTeBas CKOpocTh (puc. 8.28) MoxkeT ObITH OmmpeaesieHa o

dbopmyre:
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W = W2 +W¢Z .

6. @axmuyeckuii nymeasoi yeon fop. PakKTHUECKU UCTUHHBIN MTyTEBON Yo
(cMm. puc. 8.28), MoXkeT ObITH OIpe/eIeH 1o Gopmyie:

W, W,
P, =arctg — =arcsin—.
W, W
[IyreM BBIUMTAHHWS MArHUTHOTO CKJIOHEHHUS MOXKET OBITh IMOJY4YeH H
MAarHUTHBIN ITYTEBOW YTOJI.
7. Yeon cnoca a. IlockonbKy (hakTHYECKUH MyTEBOW yroa Pg U Kype Y
W3BECTHBI, TO B COOTBETCTBUM C HABUTAIIMOHHBIM TPEYTOJILHUKOM CKOPOCTEMN

o= Bcp —Y.

8. [leoecpagpuueckue xoopounamvr mecma camonrema. B mpocreiimem
cilydae, €ClId IPUHITh 3eMITIO 33 cepy, TO MO COCTABISIOLIUM MIyTEBO CKOPOCTH
MOTYT OBITh paccuuTaHbl CHepUIECKUE IIUPOTA (P U JOJITOTa A MECTa camoJieTa o
dopmynam (8.6). B BbiuuciaMTENE MOXKET OBITH 3alPOrpaMMHUPOBAH AJITOPUTM
ydeTa MONPaBOK B KOOPAMHATHI 3a CYET CXKATWUS 3€MJIM WIM alITOPUTM pacuera
KOOpPAMHAT HAa MOBEPXHOCTH 3€MHOr0 3Juiuncouaa. Bo3MokHO, B 3TOM W HET
ocoboit HeoOxoaummocTH. Benp TpeOyemas MeXIyHAPOAHBIMU JOKYMEHTaMHU
TOYHOCTh OINPENECICHUs CUUCIEHHBIX KoopauHaT ¢ noMoupo MHC, xotopas u
peanu3oBaHa B COBPEMEHHBIX CHCTEMax, cocTaBiisieT 1 Mopckyro muio (1,852 km)
32 4Yac 10JIeTa, a MOIMPAaBKU 3a CYET CHKATHS 3eMJIM UMEIOT Topa3fo MEHBUIYIO
BEJINYMHY.

=

Puc. 8.28. K onpenenennto W u OITY

9. Bwicoma nonema. BpicoTa SBISE€TCS TPEThEH MNPOCTPAHCTBEHHOU
KOOpAMHATON M, KaK W TOPU3OHTaJbHbIE KOOPAUHATHI (@ U A), MOXKET ObITH
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paccuMTaHa C  NOMOIIBK)  YCKOPEHHs, M3MEPSIEMOI0  BEPTUKAJIbHBIM
akcenepometrpom. [lomydyeHHass TakuM oOpa3oM BBICOTA, Ha3bIBacMasi HMHOTAA
WHEPUUAIIBHOW BBICOTOM, HMMEET TaKOW K€ TOpPSAOK TOYHOCTH Kak u
TrOpU30HTANbHBIE KOOpAMHATHI. Pa3zymeercsi, [ BBICOTBI 3TO COBEPIIECHHO
HEYAOBJIETBOPUTENbHAS TOYHOCTh M IOATOMY HHEpPLHMAlbHAs BBICOTA MOKa HE
UCIIOJB3YETCS] B HABUTAMM HU JJIS1 DIIEIOHUPOBAHUS, HHU ISl IPEAOTBPAILICHUS
CTOJIKHOBEHMI ¢ mpensaTcTBUsIMU. HO OHa MOYKET MCIOJIb30BAaThCS B aJrOPUTMAX
pabotel camoit MHC. Hanpumep, nns pacuera paguyca 3eMJIM C y4ETOM BBICOTHI
1oJjieTa, HeOOXOAMMOTO ISl ONPENETICHHS TOJMOKEHUSI TeKYIIeH TOpU30HTAIbHON
IIJIOCKOCTH.

MOXHO BHJAETb, YTO NEPEYUCICHHBbIN cnucok onpenensembix MWMHC
napaMeTpoB BKJIIOYaeT B CeOs MOYTH BCE BEIMYMHBI, HEOOXOIWMBIE st
Hapurauuu. Tem He MeHee, MHC caMOCTOATEIBHO HE MOXET OIpPEAeIInTb,
HaIrpuMep, CKOPOCTh M HANpaBJICHUE BETPA, MOCKOJIbKY IJIi 3TOTO HEOOXOIUMO
3HATh €€ U MCTUHHYIO BO3IYLIHYIO CKOPOCTb, KOTOPYIO CUCTEMA HE U3MEpSET.
Jns pacuimpennst Bo3MoxkHocTed coBpemeHHbIXx NHC Ha BX0A MX BBIYHCIHUTENEH
nojpaercs MH(opMmaius oT Apyrux OOpTOBBIX cucTeM. Hampumep, oT cucTeMBI
BO3AYIIHBIX CUTHAJIIOB MOXET IOCTYyNaTb HWCTUHHAsA BO3AYILIHAsA CKOPOCTb W
OapomeTpuueckas BbICOTa. B 3TOM ciiydae BO3MOXHO U ONpesiesieHue BETPa.

Brruucnurens, Bxogsumi B coctaB MHC, mpegnazHaueH s pemieHus
CBOMX cHeuu(pUyYecKnX 3ajad. ONpEleNICHUs CUMCIECHHBIX KOOPAMHAT W JIPYTUX
napameTpoB. OH UMeeT U HEOOXOIUMYIO ISl cBoel paboTel mamsaTh. Ho mouemy
OBl HE «3arpy3UTh» ATOT BBIUUCIUTEINb U MaMSATh JOMOJHUTEIBHBIMU (DYHKIIUSIMHU,
MOJIE3HBIMU 111 HABUTAITUU?

Jlaxxe mnepBble 00paslbl MCIONb3YEMbIX B rpaxkaaHckor asuanmu MHC
MMeEJId BO3MOXKHOCTh BBECTH B MaMsTh Teorpaduueckie KOOPAMHATH HECKOIBKUX
[ITIM. Torma mnosBISIETCS BO3MOXHOCTBH OIIPEIEJICHUS €II€ LEJOro psna
napameTpoB. Hanpumep, cienyrommx:

- 3A0aHHO20 Nymego2o yena u OuHbl yuacmka mapupyma. 11ocKoabKy
KOOpJAMHAThl HadaibHOro M KoHeuHoro IIIIM xkaxnmoro ywacrka Mapuipyra
M3BECTHBI, MOXXHO MAaTE€MaTUYE€CKH pACCUUTATh JJIMHY W  HaIpaBJICHUE
optoapomuueckoit JI3IT,

- JIUHEeliH020 O0K08020 YKIOHeHus u ocmaewezocs 0o IIIIM paccmosnus.
OTa 3aa4a TOKE PEMIAETCS YACTO MATEMATUYECKH, TOCKOIBbKY KoopanHatsel BC n
[IIIM yuacTka U3BECTHBI,

- ocmasuwezocsi epemenu noaema 0o IIIIM u epuneuuckoco epemenu e2o
npoiema,

- NONPasKu 6 haxmuueckutl nNymesou y2o. ons evixooa 6 I111M,

a Takxke Apyrux mnapametrpoB. Paszymeercs, He Bo Bcex MHC »stu dyHkuum
peasin30BaHbl B IOJHOM 00beMe. B HUX HET HeOOXOIMMOCTH, €CJIM 3TH K€ 3aJa4u
pelIaeT LEHTPAJIbHBIM BBIYMCINTEb HABUTAMOHHOIO KOMILJIEKCA, B KOTOPBIU
BxoauT MHC kak oquH U3 TaTYUKOB.
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Ocnoegnuie ceedenusn o cocmage MHC. Konctpyktusno MHC cocrout u3
HECKOJIBKUX OJIOKOB.

1. Unepyuanvnouii 610k (Inertial Reference Unit, IRU), kotopsiii B BUHC
COJICP)KUT JIa3epHBIE TUPOCKOIBI M aKCEeIepOMEeTphl, a B TpaaumuoHHbIX MHC
ruporiaropmy (puc. 8.29). Takux OJOKOB MOXKET OBITH JBa WIM TPH, a
MoCTynaromasi OT HuX uHpopMaIus oopadaTeiBaeTCs COBMECTHO. B cocTaB Giioka
MOTYT BXOJIUTh ¥ MUKPOTIPOIIECCOPHI, BBHITTOIHSAIONINE HEOOXOUMBIC BHIYHCICHUS
(MHTErpupOBAHKUE YCKOPEHUH U T.11.).

2. bnok evibopa pesxcuma pabomwr (Mode Selector Unit, MSU). C ero
MOMOIIBI0 MOKHO BKJIIOYHTH pPAa3jMuYHble PEXHUMbI: HABUTAIIMH, BBICTABKU
CUCTEMBI H JIp.

3. Ilynem ynpasnenus u unouxayuu (Inertial Sensor Display Unit, ISDU). C
MOMOIIBIO ATOTO OJIOKAa MUJIOT MOKET MH(GOpPMAaILKI0O 00 M3MEPEHHBIX CHUCTEMOMN
mapaMeTpax, a TaKKe BBECTH B CHCTEMY HEOOXOAWMBIC IaHHBIC (HAIpUMED,
HaYaJIbHBIC KOOPIMHATHI).

Puc. 8.29. Uneprmansusiii 610k (IRU) cucremsr LTN-90-100

[lynpTel ymnpaBienuss W uwHAMKauuy pasnmnuablx tunoB MHC, kak
OTEUECTBEHHBIX, TaK M 3apyOexHBbIX, OOBIYHO O4eHb MNoxoxu (puc. 8.30). B
BEPXHEN YacTu MyJibTa paACIOJIAraeTcs ABYXCTPOUHBIM WHIUKATOP, TAE MOTYT
OTOOpakaThCsl JBa BBIOpAHHBIX MUJIOTOM mapameTrpa. BwiOop mapamerpos
OCYILIECTBIIIETCS TAJIETHBIM IEPEKIIIOUaTeNeM (CleBa BHU3Y), KaXA0€ MOJOKEHNE
KOTOPOTrO COOTBETCTBYET Mape mnapameTpoB. Hampumep, Tekymias mupora u
JI0JITOTa, (PAKTUUECKUI IMTyTEBOU yroJl U MyTeBasi CKOPOCTh U T.1.
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Puc. 8.30. IlynpThl yrpaBieHUS U HHIUKAITUN
LTN-90-100 (CILLHA) u 1-11 (CCCP)

CnpaBa Haxonutcsi HabopHOe moJie (KJIaBUIIM C nudpamMu) s BBOJA B
CUCTEMY HEOOXOJIUMBIX JAHHBIX, IPU 3TOM OHU OTOOPaX)alOTCs HA UHIUKATOPE.

Ha mynste U-11 (cm. puc. 8.30) MOKHO 3apOrpaMMHUpPOBATh KOOPAMHATHI
JEBSATH TOBOPOTHBIX NyHKTOB  Mapumpyrta. Homep BBogumoro IIIIM
YCTaHAaBIMBAETCA OTACIbHBIM IepekitouareneM. COOTBETCTBEHHO MOSBISETCS
BO3MOXXHOCTh BBI3BaThb Ha JBYCTPOUHBIA WMHAUKATOP PSAJ JOTOJHUTEIBHBIX
napamMeTpoB: JIMHEWHOEe OOKOBOE YKJIOHEHHE M OCTaBIIEECS pPacCTOSHUE,
COCTaBIISIIOIINE MyTEBOM CKOPOCTH U Apyrue. MIMeeTcsi Takke IOMOJTHUTEIbHBIN
WHJIKATOp U3 IBYX 3HAKOB, MOKa3biBatolmuii Homepa [11IM, «Ha» 1 «0oT» KOTOpBIX
BBITIOJIHSACTCS TOJET. MOXHO HW3MEHHUTh MAapLIpyT, HAMNpUMEp, IPOIMYCTUTH
ouepennon [11IM, HaxaB crierMagbHYIO KIABUILLY.

Komnnexcuposanue HHC ¢ Opyzum HasuauuoOHHuIM 000py00BaHUEM.
NHC moxet ucnonw3zoBatbcsi Ha 60opTy BC HE TONBKO Kak OTACIBHO CTOSIIAs
HaBUTAIIMOHHAs CUCTEMa, HO W BXOJUTh B COCTaB MUJIOTAXHO-HABUTAIIUOHHOTO
KOMIUIEKCa WM KOMIUIEKCUpOBAaThCd  (OOBEIUHSITHCS) C  Jpyrumu
HABUTAIIMOHHBIMU CUCTEMAaMHU.

Econ MHC kommekcupyeTcs B HABUTALIMOHHBIA KOMILJIEKC, TO OHA MOXET
Y HE UMETh OTJCJIBHOTO IMyJIbTa YIPABJICHUS U UHAWKAIIMY, a BBICTYIIaTh IPOCTO B
pOJIM TaTYMKa HABUTAIIMOHHON MH(GOpMAINH, JaHHBIE OT KOTOPOTO MOCTYMAOT B
BBIUUCIIUTENIb KOMILIeKca (B 3apyOexHbix Kommuiekcax B FMC — Flight
Management Computer). Takyioo HHEpUHANIbHYIO CHCTEMY 3a pyOeXoM darie
naseiBatoT He INS (Inertial Navigation System), a IRS (Inertial Reference System).
Bnpouewm, yacto o6e 3T abOpeBUaTyphl UCTIOIB3YIOT KaK pAaBHO3HAYHEIE.

[leHTpanbHBINA BHIYUCIUTENb KOMIUIEKCA COBMECTHO 00padaThiBaeT JaHHBIC
OT Pa3IUYHBIX OOPTOBBIX HABUTAIMOHHBIX CHUCTEM, B TOM YHCIE U OT TpeX
WHEPIUAJIbHBIX, BbIJIaBasi OCpPEJHEHHYI0 0oJiee TOUYHYIHO U IPOBEPECHHYIO
WHpOpMAIIMIO PKHUMAXy U B CUCTEMY yIpaBiieHUsl mojeroM. KoHeuHo, sKumax
MOXET BBI3BaTh Ha JUCIUIEH IEHTPAJIHHOTO BBIUUCIUTENS W HHGOPMAIUIO OT
kaxxnon ornensHOor MHC.
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Yacto MHC o0beanHseTcs B €qUHYIO CUCTEMY C IPUEMHUKOM CITyTHUKOBOU
HaBuranmoHHoi cucremsl (CHC). TIpu 3ToM UCTIONB3YIOTCS JOCTOMHCTBA KaXK10T0
U3 OTUX JBYX JaT4uKoB HWHQPOpMalUuu, a MX HEJAOCTaTKd B3aWMHO
KOMIEHcUpytoTcs. Hampumep, omnpeneneHne KOOpAUMHAT OCYIIECTBISETCS B
nosere ¢ nomompblo CHC, a mpu BpeMEHHOM NpPEKPALIEHUH MOCTYIJICHUS
UH(pOpPMAaIMKU OT CIIyTHUKOB, BEIETCS MHEPLIUAIBHOE CUUCIICHNUE ITyTH, HAYMHAsI OT
MOCJIEAHETO, MTOJyYEHHOTO 110 CIIyTHUKAaM MECTa CaMoJIeTa.

K Takum  cuctemam  OTHOCHTCS,  HampuMep,  OTEUECTBEHHas
UHTETpUpoBaHHas HaBuramuonHas cuctema HCH-2000 pa3pabotku 3AO0
«Jlazekcy (puc. 8.31).

Puc. 8.31. Ilynst ynpasnenus u uagukanun HCHU-2000

[Ipy  ucnonb30BaHMM  CIYTHUKOBOM  HMH(POpPMAlUA  TMOTPEUTHOCTD
onpenenenuss MC He npesbimaet 100 M, a B pekrMe HHEPLUATBHOTO CUUCIEHUS
10 xm 3a vac (mms HCHU-2000MT 5 kM 3a yac). Cucrema TOCTpOeHa ¢
ucnoas3oBanueM JazepHoro rupockona JII'K-200 ¢ uyeTkIpex3epKalbHbIM
pe3onatopoM u nepumerpoM 200 mm. HCU-2000 umeer cBsi3b U C JAPYTUMH
OOpPTOBBIMH ~ YCTPOWMCTBAMM: CHUCTEMOW BO3IYIIHBIX CUTHAJIOB, CHCTEMOMU
MPEAYNPEKICHUS CTOJKHOBEHHUM, CHCTEMOM DJJIEKTPOHHOW WHAMKAMM W T.JI.
Boluncnurens UCMONB3YyeT CaMble COBPEMEHHBIE alNTOPUTMbI  00pabOTKU
uHpopmaruu (punstp Kanmana), moBwIIAIOIIME TOYHOCTh M JIOCTOBEPHOCTH
BbIJIaBAEMbIX JJAHHBIX.

B Poccum pazpabotansl W JApyrue HMHTETPUPOBAHHBICE HWHEPLUUAIBHO-
CIIyTHUKOBBIE cucTeMbl, Hanmpumep, BbHMHC-500 Hay4yHO-TIPOM3BOACTBEHHOIO
oobenuuenus «Ontonunk», BUHC-Tex npousoactea OO0 «TeKuom», BUHC-
N90 npouzoactea MUDA.
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